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VOLUME  II 

CHAPTER  XII 
REFINERY  TECHNOLOGY 

From  the  viewpoint  of  the  petroleum  refiner,  crude  oil  is  of 
two  general  classes,  or  types,  namely:  those  petroleums  which 
carry  practically  no  asphalt  and  which  >deld  solid  hydrocarbons 
of  the  parafiin  series  (CnH2a+2)>  aiid  termed  "paraflin-base;"^  and 
those  which  >ield  practically  no  solid  paraffins,  but  are  rich  in 
asphalt,  the  "asphalt-base"  petroleums.*  Strictly  speaking, 
however,  there  is  still  another  class,  the  "paraffin-asphalt," 
"semi-asphalt,"  or  mixed-base  petroleums,  typified  by  certain 
of  the  crude  oils  of  Illinois,  Kansas,  Oklahoma,  and  northern 
Texas,  which  contain  both  paraffin  and  asphalt,'  and  are  hence 
a  combination  of  the  two  other  classes. 

As  obtained  bj'  drilling  through  the  overljdng  strata  to  the  oil 
sands  beneath,*  petroleum  is  invariably  accompanied  by  water 
and  "bottom  settlings"  ("B.S.").  The  water  is  removed  by 
settling  or  other  suitable  procedure.^  Settling  also  serves  for 
the  elimination  of  the  mineral  matter  and  inert  organic  substances 
composing  some  "B.S.;"*  but  if  the  latter  consists  of  an  emulsion 
of  amorphous  paraffin  wax  and  water,  as  is  sometimes  the  case 

^  The  petroleum  of  the  Appalachian  field  (Pennsylvania,  New  York,  West 
Virginia,  southeastern  Ohio,  and  Kentucky)  is  ** paraffin-base;"  it  contains 
practically  no  asphaltic  matter  and  very,  little  sulphur  (0  06  to  0.08  per 
cent.).  The  crude  oils  from  Lima,  Ohio,  and  Canada  are  also  "paraffin- 
base,"  but  are  high  in  sulphur  (see  p.  609).  Paraffin-base  petroleums  pre- 
dominate in  northern  Louisiana. 

Peckham  (Pet.  Ifid.  Techn.  Rev.,  3,  SuppL,  39)  classifies  petroleums  into 
four  types:  "paraffin,"  "Russian,"  "sulphur,"  and  "nitrogen." 

On  the  classification  of  crude  oils,  sec  also  Guiselin,  Mat,  grasHcs^  3, 
1830;  and  Chercueffsky,  ibidij  6,  2640. 

*  The  California  crude  oils  and  certain  of  the  Texas  crude  petroleums  arc  of 
this  class.     See  pp.  131  and  167. 

'  On  the  composition  of  these  petroleums,  see  pp.  132,  139,  157  and  167. 
The  crude  petroleum  of  Mexico  belongs  to  this  class.  On  the  Mexican  oil 
fields,  see  Huntley,  Bull  Am.  Inst.  Min.  Eng.^  1916,  No.  106,  2067. 

*  See  p.  272. 

'  On  the  dehydration  of  petroleum,  see  p.  528. 

*  See  p.  855. 
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ia  the  Appalachian  field,  it  is  usually  refined  with  the  petroleum 
after  the  removal  of  the  free  water.' 

Petroleum  is  transported  from  the  oil  fields  to  the  storage 
tanks  of  the  refineries,  either  through  pipe  lines  of  from  Keuerally 
4  to  8  in.  in  diameter*  or  by  tank  cars.     At  the  present  time, 
petroleum  from  Oklahoma  is  heing  transported   by  pipe  lines, 
via  Kansas  City  and  Chicago,  to  the  Atlantic  seaboard,  a  distance 
of  about  1,000  miles. 

I 

fc!^^ 

Fio.  luT.— A  liuik  {»nii  m  llir  C:^!.!..  District,  Louisiniia.     These  tanka 
are  95  ft.  in  diameter  and  30  ft.  in  hciBlU;  each  has  a  capacity  of  37,500 
barrela. 

The  more  viscous  varieties  of  petroleum'  are  aoraetimes  used 
in  the  crude  state  for  fuel,*  for  surfacing  roads,*  or  for  the  pre- 
vention of  du-it  on  roads,     However,  ordinarily  the  first  stage 
in  the  utilization  of  petrolemn  for  any  purpose  is  to  subject  it 

•Cf.  the  utiliiBtiun  of  "B.S."  in  the  manufacture  of  petrolatum,  p.  632. 

'  For  valuable  pupera  on  the  flow  of  oil  through  pipes,  see  Mebc^tnq, 
Cliem.'Ztg.  ReperL,  16  (IS91),  223;  and  Erbiceanc,  Chem.  Tech.  Zig.,  88, 
106.    On  pipe  line  construction,  see  H.  W.  Crobieb,  /.  Elec.  Power  and  Gaa, 
8S  (1015),  lCl-78. 

•  Such  oils  contain,  as  a  rule,  considenible  iisplialt  and  Bufficient  water  (cf. 
p.  528)  to  render  their  diatilktion  difficult.     At  present  not  more  than  oiie- 
fuurth  of  the  petroleum  produced  m  the  United  States  finda  any  utilization 
in  the  natural  state. 

*  Petroleums  used  m  the  crude  atnte  aa  fuel  are  the  more  viscous  varieties 
occurring  in  California  and  Mexico.     About  30  per  cent,  of  the  fuel  oil 
burned  in  Mexico  m  1913  was  crude,  untreated  petroleum. 

'  Certain  of  the  oils  used  on  roada  are  the  heavier  graJes  containing 
aspJialt,  which,  in  tlie  ease  of  the  California  crude  oiU,  Bometimes  reach  60 
per  cent.     Near  Lander,  Wyombg,  is  found  a  petroleum  so  viscous  that  it 
can  be  used  for  roods  without  refining. 

_! 
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to  some  form  of  refining  which  will  reduce  it.  to  the  most  desirable 
oooststency  for  the  purpose  intended. 


l-\»^ 

.^fCv 

w     /C 

^  Vsri  /^•'*i « fc?-^ 

<^ro^  > 

W^ifT^ 

/\^\«*^ 

o{  ( 

/M^^^fT 

\  " 

^\\J' 

1  M/^rV^s 

«. 

&  %1  , 

1  $  -^  1  sW^ 

1 

.  1- 

1  v^ 

'  \  °l 

V-^S-I           \     "^       ^    ^ 

'\      * 

~0    \ *  \3 

W^^v<*p 

\M  % 

M%A 

\     V.\i         Ssr^Xl-  '' 

Vk" 

sV     * 

Vj^i     °     ^-V\v 

A "  P^ 

^N^Mt---'^^^ 

y  \1  '^ 

.--*-?Q 

r-v     w     -.         s   f 

VN.     M 

---^  B"i, 

J  l\\    W  =       • 

Ti      1    » 

<   \ 

*      1          « 

1    " 

i 

5      K 

1  r — KSa   =   "  1 

■?" 

o      1 

I         l^.\-i      '-v 

5        *■ 

ca 

^ 

1     ■ 

VV  O  J  hIs  ' 

;^i -^^ 

» 

j  Vi  I  K  oVi  = 

'-d- 

THE  REFINING  OF  PETROLEUH 

Small  amounts  of  the  crude  oils  obtained  in  Pennsylvania 

and  West  Virginia  possess  lubricating  qualities  per  se,  that  is, 
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in  their  natural  state,  and  are  employed  as  lubricants  under  the 
name  of  "natural  oils,"  either  without  any  treatment,  or  after 
straining,  clarification  by  settling,  or  filtration  through  fullers' 


Fio.  159.— A  tank 


earth  or  bone-black;  but,  since  the  production  is  small,  these 
oib  are  of  mere  passing  interest.     Then,  too,  at  one  time,  be- 


Fio.   160.— Another  type  of  tniik 


fore  a  demand  for  light  distillates  existed,  certain  petroleums 
were  deprived  of  a  part  of  their  more  volatile  constituents  by 
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atmospheric  evaporation;  the  production  of  such  "reduced" 
oils  is  no  longer  practised^  to  the  knowledge  of  the  authors. 

Table  XLII. — The  Quantity  of  Crude  Petroleum  Used  by  American 
Refineries  and  the  Values  of  the  Various  Products  Manufactured 


1909 


1914 


Barrels 


Value 


Barrels 


Value 


No.  of  establishments 

Total      production     of     crude 

petroleum 

Crude  petroleum  used 

Pboductb 
Naphthas  and  lighter  products: 

gasoline          (from         crude 
petroleum) 

All  others 

Illuminating  oils 

Fuel  oils 

Lubricating  oils 

Residuum     or     tar,    including 

liquid  asphaltic  road  oils.  . . . 

Greases 

Paraffin  wax 

Asphalt,      other     than     liquid 

asphalt — ^tons  (2000  lbs.)  . . . 
All  other  products 


147 


183,170,874 
120.775,439 


10.806.550 


33,495.798 
34,034,577 
10,745.885 

1,787,008 
138.302 
946,830 

233,328 


$152,307,040 


39,771.959 


94,547,010 
36,462.883 
38,884,236 

2,215,623 
1,567.647 
9.388,812 

2.724,752 
11,434,737 


176 


265.762,535 
191.262.724 

9249.727,853 

23,908.242 
5,292,522 
38,705,496 
74,669,821 
10,348.521 

106,140,170 
15,779.137 
96.806.452 
84,017,916 
55.812,120 

2.696.887 

280.128 

1,150,776 

4.017.858 
3,536.491 
8,897.106 

} 


Total  value  of  products 9236,997.659 


465,157 


4,867.213 
16,486,942 


9396,361,405 


Generally,  the  first  step  in  the  separation  of  crude  oil  into 
its  various  products^  is  fractional  distillation,  which  may  be 
modified  according  to  the  nature  of  the  petroleum  and  the 
products  desired.^  The  distillates  obtained  are  usually  purified 
by  treatment,  successively,  with  sulphuric  acid  and  a  solution 

1  See  p.  527. 

»  Gasolines,  Naphthas,  Kerosenes,  Gas  Oil,  Fuel  Oil,  Spindle  Oils,  Cylinder 
Oils,  Paraffin  Wax,  Petrolatum,  Dust  Laying  Oils,  Road  Binders,  and  Coke. 
The  various  products  of  petroleum  arc  defined  in  Chap.  XVIII.  For  an 
excellent  account  of  the  manufacture  of  petroleum  products,  see  F.  C.  Rob- 
inson, Mel.  Chem.  Eng.f  11  (1913),  389-94.  On  European  refining  methods, 
see  Seelenpried,  Western  Eng,,  Dec,  1916 ;  and  Wolp,  Chem.  App.,  2  (1915), 
259  and  284. 

•  It  may  be  mentioned  here  that  the  products  of  fractional  distillation, 
even  on  a  laboratory  scale,  are  not  identical  with  the  hydrocarbons  present 
in  the  petroleum,  since  they  are  in  part  the  result  of  the  action  of  heat  upon 
these  hydrocarbons.  On  this  point,  see  Thorpe  and  Young,  Proc.  Roy.  . 
Soc.,  19  (1871),  370;  20  (1872),  488.  On  the  distillation  of  petroleum,  see 
Gurwitsch's  "Wissenschaftliche  Gnmdlagen  der  Erddlbearbeitung," 
1913,  part  ii. 
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of  Mxlhtin  hjdnmde,  or  what  a  eommonly  caOed  eaoetie 
each  followed  by  waahing  with  wxter.' 

The  spfiar&tuB  uaed  for  the  opermtion  of  rfwriltoioo  b  described 
in  d4rtail  in  aooiher  cbapt«r.-     Suffice  it  to  say  here  that  the  stills* 
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r  and  10  ft  ii 


IFlo.  101.— The  (rout  of  llii?  lirii 
'  Fiir  Iht!  Piirly  liifctory  of  pelrolmun  refiniiiK  in  the  Unitrd  SUttee,  SM  p, 
'S28.  On  the  clieinieu)  tn-'ntmi^nt  of  petroleum  dbtiUates,  see  pp.  570  to  009. 
On  ngJUttoni,  mm  p.  744.  On  c^pluwons  in  agitators,  see  p.  7SS. 
*  Bee  p,  044. 
*  TJie  fllilU  eiuplttywl  in  petroleum  refineries  are  of  the  following  general 
Igrpea:  Cru(i«  .S/iU»,  wlierein  unido  petroleum  is  run  down  to  tar.  It  waa 
onco  the  pmotico  lo  redintil  norno  liiBlilliites  m  stilla  of  thia  type,  but  at  the 
preacot  timo  rraliiction  in  (teuenilly  rnrried  out  in  SUtam  Stills,  the  gasolines 
Mid  iljuniiniitlug  oils  bninit  rr<luced  tlierein  to  the  desired  tesU.  Steam  is 
aiKi  uiml  In  the  fractional  diatillulion  of  enirto  petrolouni,  in  which  procedure 
(*en  infra)  h  is  Introdunnd  for  the  production  of  Hteum-refined  cylinder  stocks. 
.Tho  Ur  rosultinB  from  tlio  dlitlllatlon  of  petrolmim  in  crude  stills  is  cracked 
at  hlithor  tniiii>i<i-Ktunii  In  Tar  fililh  for  the  pruduotiun  of  parafTiD  wax  and 
J»r»ffln  onginx  uila.  In  l.uhrleoting  HHIU  the  imido  pi-lrolcuni  is  run,  with 
the  sMistanoo  of  bottom  ■tuiirii,  to  Ink*  oft  tlip  nnttiriil  burning  oil  and  wax 
dlatlllAte,  and  to  oouverl  Ihf  ti-muimlHr  (tito  luhrlcmliiiu  oil*.  Other  tj-pea 
of  ilUU  aru  7'puwr  SfiU;  illlU  of  Mm  orilinnry  typn  provide.1  with  dcphleg- 
iniilliiK  noliimn*;  IVnuhi  HiitU,  rxfarrml  (o  Imliiwi  niul  Vimtinwut  StiiU, 
whiuh  are  nm|il.iy«I  when  imtrulvuRi  In  iUsIIUmI  oimltiiiiiiiialy.  For  a  ifoneral 
I.  Mooiiiiluratillii,  iiui  p.  710. 
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employed  are  usually  horizontal  steel  shells  set  in  brickwork' 
and  connected  at  their  domes  with  vapor  pipes  which  lead  to 
condensers,  consisting  of  coils  of  pipe  set  in  tanks  through  which 
water  is  circulated.'  Pipes  termed  "nmning  lines"  connect 
the  condenser  coils  with  the  "tail  house,"  where  the  "running 
lines"  are  intercepted  by  "look  boxes,"'  arranged  bo  that  the 
distillate  flowing  from  the  condenser  (the  "stream")  may  be 
watched  and  sampled,  and  connected  at  their  bottoms  with 
manifolds  having  valves  for  running  the  "stream"  into  the  de- 
sired receiving  tank.  The  distillation  process  is  generally 
controlled  by  the  gravity  of  the  "stream,"  as  determined  by  the 
stiliman  in  charge.  The  uncondcnsed  gas  issuing  from  the  con- 
densers is  separated  by  means  of  traps*  on  the  "nmning  lines;" 
this  gas  ia  subjected  to  pressure,  in  order  to  separate  the  light 
gravity  gasoline,  and  the  residual  gas  is  used  as  a  refinery  fuel,' 

It  is  now  the  practice  at  a  nunilxir  of  large  American  refineries 
to  distil  petroleum  by  the  amtiniunis  Bystem,*  as  distinguished 
from  the  intermittent  method  of  distillation.  The  stills  are 
connected  and  operated  in  a  continuous  manner,  by  simul- 
taneously charging  the  first  still  in  the  battery  slowly  and 
pumping  from  the  last,  and  by  firing  each  successive  still  stronger 
than  the  preceding  one;  by  this  procedure,  fractions  possessing 
different  boiling  points  are  obtained  simultaneously  from  each 
still  in  the  battery. 

With  regard  to  the  method  of  distilling  in  use,  it  may  first  be 
said  that  the  ' '  dry"  or  destructive  (' ' cracking ")  diatUlatton 
process  is  used  when  a  large  yield  of  gasoline  and  illuminating 
oil  is  desired.  It  is  better  adapted  to  petroleum  which  is  unfit 
for  the  manufacture  of  cylinder  stocks.  In  this  process,  the 
crude  oil  is  fire-stilled,  and  the  heavy  vapors  which  condense 
in  the  top  of  the  still  fall  back  into  the  superheated  oil  and  are 
thereby   "cracked,"   or   partially   decomposed.'     In   this   way, 

'  See  p.  722. 

*  See  p.  735  for  a  general  description  of  eondensera. 

*  Theee  are  described  on  p.  772, 

*  See  p.  775. 

*  Cf.  the  practice  at  the  Scottisli  shale-oil  works,  p.  SS3. 

*  For  a  full  aocotmt  of  continuous  distillation,  see  p.  533.  Cf.  the  Beot- 
[  tiah  practice  referred  to  on  p.  834  On  the  heat  exchangers  used  when  petro- 
h  leum  is  distilled  continuously,  see  p.  772. 

'On  the  "cracking"  of  petroleum  diatillotes,  see  p.  554.  For  Itussian 
practice,  see  KnuuTCOKOV,  Chem.  Bev.  Fett-  HaTz-Ind.,  17,  33. 
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Ethere  are  produced  oils  of  lighter  gravity  than  would  othem-ise 
T  be  obtained  at  that  point.  Until  recently,  a  general  practice 
I  in  the  large  refineries  handling  parafiin-base  petroleum  has  been 
I  to  first  run  the  petroleum  to  residuum'  in  the  crude  oil  stiUa,  and 
I  then  to  distil  the  residuum,  or  tar,  in  the  tar  stills  for  wax  dis- 
I  tillate'  and  coke.  Now,  however,  the  distillation  is  tisually 
continued  to  the  production  of  coke  in  tower  stills,'  without 


< 


I 


Fig.  162. — Steam  stills  (10  ft.  by  40  ft.),  condensora  and  receiving  houae 
at  a  Culifomia  refinery.  The  distilliLtca  go  directly  from  the  condensers 
through  the  reueiving  hmise  into  receiving  tutiks  of  the  water-top  type  (see 
p.  700). 


interruption,  thus  separating  the  various  products  (as  naphtha, 
illuminating  oils,  and  paraffin  oils)  in  one  distillation. 

In  the  "fracHiynal  distillation,"  or  distillation  with  bottom 
steam,  which  is  employed  when  It  is  de.sired  to  prevent  the 
decomposition  of  the  petroleum  as  much  as  possible,  particularly 
when  lubricating  oils,  such  as  cylinder  oils,  are  to  be  manu-' 
factured  from  paraffin-baae  petroleum,  free  "dry"  steam*  is 
introduced  into  the  body  of  the  oil  in  the  still  by  a  coil  or  branched 

'  The  yield  of  tar,  or  residuum,  by  this  process  amounta  to  about  11  per 
cent,  of  the  paraflin-faase  petroleum  distillcil. 

'  Wax  diatiUate  ("tar  diBtillate")  ia  a  lubricating  oil  dialillate  of  about 
30°B£.;  it  containa  the  paraffin  wax. 

*  See  p.  728  for  an  account  of  stills  of  the  dephlegmation  type. 

*  The  supply  of  steam  is  always  carefully  regulated.  On  the  behavior  of 
Ikigh-boiling  mineral  oils  on  heating  in  air  and  steam,  see  ScHRGiBBa,  Z. 
OTigew.  Chem.,  SS,  86. 
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pipe  BO  pctforated  that  the  steam  is  directed  upon  the  bottom  of 
the  still  and  that  it  is  evenly  distributed  tliroughout  the  oil.' 
Since  the  steam  serves  in  this  way  to  agitate  it,  the  oil  is  pre- 
vented from  becoming  injured  through  overheating  from  contact 
with  the  bottom  of  the  still.*  Steam  distillation  is  especially 
advantageous,  however,  because  in  this  process  the  hydrocarhona 
come  over  at  temperatures  IjcIow  their  normal  boiling  points; 
'  this  is  due  to  the  fact  that  the  atmospheric  pressure  upon  the 
mixture  is  divided  between  the  hydrocjirbons  and  the  steam, 


and  the  partial  pressure  on  the  hydrocarbons  is  less  than  the 
atmospheric  pressure.  The  steam  distillation  is  controlled 
by  fires  underneath  the  stills,  the  stills  being  well  insulated 
■other  than  at  the  heating  surfaces.* 

'  On  "ateam  stills,"  see  p.  728L    . 

'  The  Bteaia  carries  the  vapors  away  to  the  condcuacr  just  bh  rapiiily  aa 
they  ure  generated. 

'The  introduction  of  steam  into  petrolciun  during  ita  diatillation,  waa 
first  practised  in  the  United  States  by  tlie  Downer  Kcroaene  Oil  Company, 
al  the  suggestion  of  Jobihia  Mgrrili.  (sec  p.  211);  tho  distillntion  of  petro- 
leum by  "high  ateam"  was  proposed  by  Siluman  in  1865  (Am.  Chemist, 
S,  IS). 
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An  improvemeut  in  naphtha  steam  stills  is  to  install  over  the 
I  still  a  high  towur^  through  which  the  naphtha  vapor  from  the  still 
1  ascends  and  nit-cts  the  cold,  crude  naphtha  which  Sows  down  from 
tf  the  top  of  this  tower.  The  heat  exchange  thus  effected  has 
proved  a  great  economy  in  naphtha  distillation.  By  this  dis- 
[,  tillation,  the  crude  naphtha  is  f  ractioned  into  a  variety  of  products 
"■  ranging  from  gasoline  with  gravities  between  80°  and  QO'B^. 
i  to  ordinary  stove  gasoline  with  gravities  between  70°  and  80°B(^. 


of  the  BtUls  at  the  Lockport  works  of  the  Texas  Company. 

Motor  naphthas  with  gravities  of  from  56°  to  60°B^.  and  certain 
special  heavier  products  designed  as  solvents  are  prepared  from  a 
certain  variety  of  crudes,  especially  in  Texas  and  California. 

The  vacuum  process  of  distillalion  of  heavier  products  is  in  use 
in  some  American  refineries,  in  conjunction  with  the  steam  dis- 
tillation. In  this  process,  by  the  aid  of  a  pump,^'  a  partial  vacuum 
I  is  created  in  the  still,  and,  as  a  result  thereof,  the  hydrocarbons 
>  Seo  p.  731  For  a  separating  cliamber  arranged  and  combined  with  a 
Still  and  condenser  in  such  a  manner  as  to  gradually  B(>parate  and  condense 
the  heavier  parts  of  the  vapors  formed  and  continually  relum  them  to  the 
itill  for  a.  further  action  of  the  heat,  see  Lother  Atwood'b  United  States 
Patent  28248,  May  15,  1860. 
*  For  an  apparatus  in  which  it  is  claimed  that  die'tillation  can  be  conducted 
at  reduced  pregaure  without  the  use  of  an  exliauster,  see  Wanici.Tn  and 
Coopbb'8  English  Patent  4097  of  18M. 
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come  over  at  temperatures  considerably  lower  than  their  boiling 
points  at  atmospheric  pressure.  In  general,  the  stills  employed 
in  the  operation  of  this  process  are  of  the  same  tj^je  as  the  or- 
dinary horizontal  crude  stills,'  but  are  smaller,  heavier  and 
strongly  braced. 

It  has  long  been  known  that  there  is  an  improvement  over  the 

results  of  Ihe  ordinary  methods,  both  in  the  quantity  and  quality 

of  the  distillation  products,  when  vacuum  distillation  combined 

with  steam   distillation   is    used.'     However,  many    American 

refiners  who  are  familiar  with  the  results  which  can  be  obtained 

by  the  vacuum  method,  state  that  the  difference  is  not  great 

enough  to  warrant  the  increased  cost  of  installation  and  operation. 

Pressure  disliUaiion,  which  was,  for  a  long  time,  avoided  be- 

I  cause  of  the  hazards  involved,  has  lately  come  into  practical 

[.use  in  the  production  of  gasoline  from  gas  and  fuel  oils.     The 

fvocesses  of  "  cracking,"  wherein  employment  is  made  of  pressure 

and  high  temperatures,  which  may  be  accompanied  by  hydro- 

genation  and  the  use  of  catalysts,  will  be  considered  at  some 

length  on  pages  554  to  579. 

On  account  of  the  importance  of  the  subject  and  the  detailed 
Kftccount  required,  a  special  section  is  devoted  to  the  chemical 
ftrealmenl  ("treating")  of  petroleum  distillates  in  the  following 
B  chapter,'  which  is,  in  fact,  an  appendix  to  this  chapter.  Brief 
I,  accounts  of  the  procedures  employed  in  practice  will,  however, 
I  be  given  below. 

The  Dry-  or  "Cracking" -Distillation  of  Paraffin-Base   Pe- 
^  troleum.^ — In  the  destructive  distiil.ition  of  paraffin-base  petro- 
leum, the  condensate  begins  flowing  into  the  receiving  house  at 
alx)ut  SCB*?.  gravity,  and  the  first  cut  is  usually  made  from  the 
beginning  of  "stream"  running  until  the  gravity  of  the  conden- 
j.  Bate    reaches    eO^BS.     This    product    is   usually    termed    light 
k.ruipklha  (I),     The  next  collection  is  made  from  69°  to  58°B^., 
I  vhich  condensate  is  known  as  heavy  naphtha  (2).     It  is  a  general 
rpractice  to  steam-still  this  fraction  into  light  naphtha  (1)  and 
'  See  p.  717,     For  two  recent  designs  in  vacuum  stills,  ace  Scsijemann, 
EOerraim    Patent  227179  of   1900;  and   Stbinscbnkidbh,  United    States 
(patent  9811)53  of  1911. 

» See  Grai-b,  Petroleum,  3,  1 128.     Gnjira  aupptiea  a  phyBJuo-ohemical 
[planation   of  Kih  results.     Cf.   Gchwitsch,  vlem,   4,  265  Hiid   018;  and 
pKJirx,  idem,  i,  208  and  621.    0»  the  luivautages  ol  tugb  vatiuum  diatiUa- 
9M  SlMOBR,  idem.  10  (1915),  005. 
e  pp.  S70  to  009. 
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low-test  burning  oil  stock  (3).^  The  light  naphtha  (1)  is  in  some 
instances  redistilled,*  but  is  more  frequently  marketed,  either 
without  other  treatment  or  after  chemical  refining,*  as  deodorized 
naphtha  (4),  or  "benzine-naphtha."  The  lines  of  demarcation 
are  purely  arbitrary. 

The  third  fraction,  which  is  generally  termed  high-test  burning 
oil  (5),  is  collected  from  58^  to  about  43°B6.  It  is  steam-stilled 
to  150°F.  fir&'test  water-white  burning  oil  distillate  (6),  the  con- 
densate being  combined  with  the  heavy  naphtha  (2). 

The  next  cut  is  made  when  the  high-test  burning  oil  (5)  com- 
mences to  go  "off  color."  This  distillate,  the  fourth  fraction, 
which  is  known  as  low-test  burning  oil  (7),  is  collected  until  the 
residue  in  the  still  reaches  21°  to  22°B6.;  it  is  also  redistilled  in 
steam  stills,  the  condensate  being  gas  naphtha  (8),  a  fraction  of 
70°B^.  gravity,^  and  the  residue  constituting  IW  to  IIS^'F. 
burning  oil  stock  (9).  The  burning  oil  stocks  (6)  and  (9)  are  also 
termed  "kerosene  distillates." 

The  chemical  refining  of  the  burning  oil  stocks  (3),  (6),  and 
(9),  to  remove  their  color  and  unpleasant  odor,  is  carried  out 
along  the  following  general  lines:  The  oil  is  agitated  by  means  of 
an  air  blast  with  5  to  10  lb.  of  66°B4.  commercial  sulphuric 
acid  per  barrel,  the  treatment  being  continued  for  from  30  to 
60  min.  After  settling  for  about  4  hr.,  the  "sludge  acid"* 
is  drawn  off,  and  the  oil  is  washed  with  water,  with  a  4°  to  10°B6. 
solution  of  caustic  soda,  and  with  water  until  neutral,*  then 

^  While  the  term  "illuminating  oil"  is  preferable  to  either  ''burning  oil" 
or  ''kerosene,"  the  customarj'-  trade  designation  is  employed  in  this  section. 

*  Into  cyynogene  (see  p.  863),  rhigolene  (see  p.  907),  canad^d  (see  p.  857),  and 
petroleum  spirit j  or  benzolinc  (see  pp.  900  and  852).  For  European  practice 
in  the  distillation  of  benzine,  see  Wild,  Petroleum^  8  (1913),  668;  and 
Kessler,  Z.  angew.  Chem.,  23  (1910),  1697. 

*  With  2  to  5  lb.  of  66°B6.  commercial  sulphuric  acid  per  50  gal.,  in  agi- 
tators (see  p.  579),  followed  by  washing  with  water,  agitation  with  a  4°  to 
lO^'B^.  gravity  soluticm  of  sodhmi  hydroxide  (to  make  alkaline),  a  final  wash- 
ing with  water  (to  render  neutral),  and  settling  in  tanks.  At  one  time  a 
final  redistillation  from  an  alkali  solution  was  made. 

*  "Gas  naphtha"  is  clearly  a  result  of  "cracking."  It  is  used  in  the  cheap 
grades  of  naphtha  (1). 

*  See  p.  584. 

*  It  has  been  the  practice  at  some  Pennsylvania  refineries  to  add  the  sul- 
phuric acid  in  three  portions,  a  very  small  quantity  being  first  used  to  remove 
the  mechanically  suspended  water  from  the  oil,  and  the  second  and  third 
portions  being  allowed  each  to  act  for  about  45  min.,  and  to  settle  for  about 
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separated  and  settled  until  bright.  If  the  stocks  contain  con- 
siderable sulphur,  as  is  the  case  of  those  from  Lima  (Ohio),  Texas, 
and  Canada  petroleums,  a  special  desulphurizing  treatment  is 
necessary;  this  matter  is  considered  in  tho  following  chapter.^ 
The  residuum  remaining  after  light  naphtha  (1),  heavy 
naphtha  (2),  high-test  burning  oil  (5),  and  low-test  burning  oil 
(7),  have  been  run  off,  is  commonly  referred  to  as  tar  (10);  it 
possesses  a  gravity  of  from  21°  to  22°B6.  and  contains  the 
parafi^  oils  and  paraffin  wax.  This  tar  is  subjected  to  de- 
structive distillation  to  dryness  in  horizontal  stills  of  250  to  500 
bbl.  capacity;  tar  distillate,  or  paraffin  distillaie  (11),  and  wax 
tailings^  (12)  pass  over,  while  the  coke^  (13)  produced  by  the 
destructive  distillation  remains  behind.  In  this  distillation  the 
water  in  the  condenser  tanks*  is  kept  sufficiently  warm  to  prevent 
solidification  of  the  paraffin  in  the  distillate. 

an  hour  before  being  drawn  off.  To  remove  the  acid  still  remaining  in  the 
oil,  a  shower  of  w^ater  issuing  in  fine  streams  from  a  perforated  pipe  at  the 
upper  part  of  the  agitator  is  allowed  to  fall  through  the  oil,  without  agita- 
tion, for  about  4  or  5  hr.  A  final  washing  is  then  effected  with  agitation  by 
the  aid  of  the  air  blast.  The  oil  is  lastly  agitated  with  1  per  cent,  of  a  so- 
lution of  caustic  soda  (12**B6.),  this  operation  being  sometimes  followed 
by  washing  with  water.  It  is  then  "sprayed,"  if  necessary,  and  run  into 
shallow  tanks  for  exposure  to  light. 

The  time  occupied  in  this  chemical  treatment  has  been  given  as  follows: 

Agitation  with  first  portion  of  acid 1 J^  hr. 

Deposition  of  acid ?i  hr. 

Agitation  with  remainder  of  acid 1 J^  hr. 

Deposition  of  acid 2      hr. 

Washing 1  Jr2  hr. 

Agitation  with  alkali 1  )^  hr. 

Final  washing 1      hr. 

Total 9?i  hr. 

» See  p.  609. 

•  This  product  comes  over  immediately  prior  to  coking.  It  contains  com- 
pounds produced  by  the  "cracking"  process — among  these  are  anthracene 
and  chrysene  (see  p.  858) — and  is  of  a  semi-asphaltic  nature. 

•  Thia  coke  is  much  like  gas-coke  in  appearance,  but  is  more  fragile;  it  is 
used  for  making  battery  and  arc-light  carbons,  and  in  certain  metallurgical 
operations.  The  yield  of  coke  from  "tar"  amounts  to  approximately  10  per 
cent.,  that  is,  1  per  cent,  from  the  petroleum  dry-distilled.  It  is  usually 
removed  from  the  still  by  tools,  such  as  picks. 

•  See  p*  736.  On  the  production  of  petroleum  distillates  of  heavy  gravity 
suitable  for  lubricating  purposes  and  of  high  fire  test  and  boiling  point 
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The  tar  distillate  (11)  is  the  source  of  the  paraffin  lubricating 
oils  as  well  as  the  parafi^  wax;  it  has  a  gravity  of  30°B^.  and  a 
solidifying  point  of  about  70°F.  Following  treatment  with 
sulphuric  acid,^  it  is  delivered  to  the  pressing  plant,  where  the 
paraffin  wax  is  separated,  as  described  in  the  section  on  The 
Manufacture  of  Paraffin  Waz^ 

Formerly,  the  best  practice  was  to  cool  the  distillate  in  bulk, 
for  a  period  of  about  26  hr.,  in  a  cellular  tank  of  3,000  gal. 
capacity,  fitted  with  oil  cells  alternating  with  cells  through  which 
circulated  a  solution  of  magnesium  chloride,  cooled  by  ammonia 
refrigeration.  The  resulting  solid  or  crystalline  mass  was  cau- 
tiously pressed  in  canvas  bags  by  hydraulic  pressure  at  a  tem- 
perature of  25°  to  30°F.,  and  the  cakes  of  paraffin  wax  thus 
obtained  were  broken  up,  melted,  recr>^stallized  by  cooling  in  a 
similar  apparatus  with  water,  and  agam  pressed,  this  time  at 
a  temperature  of  70°F.  and  a  pressure  of  200  lb.  per  square  inch. 
The  paraffin  "scale,"  or  crude  wax,  thus  produced  amouijted  to 
about  9  per  cent,  of  the  ''tar."  It  had  a  melting  point  of  about 
125°F.  when  o])taincd  from  oil  of  specific  gravity  0.905,  and  a 
melting  point  of  117°F.  when  obtained  from  0.885  oil.  It  was 
finally  purified  by  crystallization  from  naphtha,  pressing  and 
filtration  through  bone-black. 

The  modern  practice  is  to  cool  the  distillate  by  passing  it 
through  a  chilling  machine,  such  as  is  described  on  page  756; 
to  pass  the  semi-solid  mass  through  filter  presses;  and  to  com- 
plete this  separation  by  the  process  of  ''sweating,"  or  fractional 
fusion,  which  is  described  on  pages  479  and  763.  The  decolori- 
zation  of  paraffin  wax  by  treatment  with  bone-black  is  pre- 
sented on  page  767. 


suitable  for  illuininjiting  purposes,  both  being  su].)staiitinlly  free  from  the 
characteristic  and  offensive  odor  usually  accompanying  the  heavier  prod- 
ucts of  the  fire-distillation  of  petroleum,  see  William  Atwood's  United 
States  Patent  226151,  Apr.  G,  1880.  The  feature  of  Atwood's  process  is  the 
condensation  of  the  vapor  of  heavy-gravity  distillates  at  a  temperature 
above  that  at  which  the  lighter  gravity  oil  and  odorous  vapors  will  con- 
dense, 8o  as  to  effect  the  desired  separation,  not  by  the  regulation  of  the 
<logree  of  heat  employed  in  the  vaporization,  but  by  the  regulation  of  the 
dogwe  of  heat  used  in  the  condensation. 

*  TluH  treatment  is  carried  out  in  much  the  same  manner  as  the  chemical 
rofining  of  the  burning  oil  stocks,  but  the  agitator  is  generally  heated  with  a 
Aionni  jacket  in  order  to  maintain  the  tar  distillate  in  a  liquid  condition. 

■  8oo  p.  478. 
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'  The  preasfd  oil,  pressed  distillate,  pressed  paraffin  dislillate, 
or  pressed  tar  distillate  (14),  the  oil  expressed  from  the  tar  distil- 
late during  the  separation  of  "slack  wax,"'  is  used  for  the  pro- 
duction of  the  various  paraffin  lubricating  oils,  by  putting  it 
through  the  process  of  fractional  distillation  with  the  aid  of 
steam.  Since  "cracking"  must  be  avoided,  it  ia  "ateam-re- 
ducdd"  in  reducing  stills,*  by  firing  underneath  and  simul- 
taneously introducing  steam  into  the  oil  by  means  of  a  perforated 
pipe  coil  placed  inside  near  the  bottom  of  the  still.'  The  steam- 
reduction  process,  sometimes  termed  "fractional  distillation," 
is  carried  out  in  accordance  with  the  test  of  oils  desired:  when 
high- viscosity  oils  are  being  produced,  the  distillation  is  carried 
further  than  when  low-viscosity  oils  are  made;  for 'the  viscosity 
increases  with  the  boiling  point,  since  the  hydrocarbons  are  in 
the  same  homologous  series. 

The  first  fraction  in  the  reduction  of  pressed  oU  (15)  is  usu- 
ally separated  at  36''B^.;  it  is  redistilled  for  combining  with  the 
low-tcit  burning  oil  (7).  The  second  fraction,  fuel  oil  (16), 
is  generally  cut  at  32.5''B^.  The  third  fraction,  Um-viscosUy 
lubricating  oil  (17),  is  almost  always  cut  at  28''B^. ;  it  is  redis- 
tilled by  the  aid  of  steam  for  the  production  of  finished  low- 
visCosity  lubricating  oil.  The  foiu-th  fraction  (18)  is  used  for 
making  medium  lubricati-ng  oil.  The  residue  of  fteoKj/  lubricating 
oil  stock  or  paraffin  oil  stock  (19)  is  pumped  through  a  cooler* 
to  an  agitator  of  from  200  to  1,000  bbl.  capacity,  where  it  ia 
treated  with  from  20  to  50  lb.  of  Se^B^.  commercial  sulphuric 
acid  per  barrel,  in  the  same  manner  as  described  under  burning 
oil  stocks,  except  that  the  agitation  is  continued  for  from  one 

'  See  p.  479. 

*  These  arc  horizantol  stills  of  usually  300  to  500  bbl,  capacity;  the  upper 
halvee  arc  bricked  over.    See  p.  723. 

'  The  "steam-reducbg"  is  conducted  along  the  following  lines:  A  atill  ia 
charged  with  the  pressed  paraffin  diatillate,  and  the  Area  are  lighted.  The 
distillation  begins  at  about  400°F.,  and,  shortly  after  this  point  haa  been 
reached,  tlie  live  steam  ia  injected  into  the  oil.  No  water  Bccumulates  in  the 
still  because  of  the  high  temperature  obtaining  therein,  but  the  steam  passes 
upward  through  the  oil  as  a  gas,  to  be  condensed  with  the  oil  vapors.  With- 
out the  use  of  steam,  the  distillation  would  require  that  the  still  be  heated  to 
about  750°!''.  Such  a  temperature  would  result  in  obtaining  an  oil  below  the 
desired  standard;  but,  with  steam,  the  distillation  can  be  carried  on  with  a 
maximum  temperature  of  about  000°F.,  thus  entirely  avoiding  destructive 
diatillBtioD. 

•  This  is  usually  a  coil  of  east-iron  pipe  sot  in  water, 
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to  two  hours,  and  it  requires  a  long  time  for  the  sludge  acid  to 
settle  out — generally  from  4  to  6  hr.  The  amount  of  sulphuric 
acid  used  in  this  treatment  is  dependent  upon  the  color  desired 
for  the  product. 

After  the  "sludge  acid"  has  settled  and  has  been  drawn  from 
the  base  of  the  agitator,^  the  oil  is  run  into  a  wash  agitator  or 
wash  tank,  in  which  it  is  agitated  with  a  solution  of  caustic 
soda  (1°  to  6^B^.)>^  then  sprayed  with  water  imtil  neutral. 
The  oil  is  finally  separated  frbm  water,  transferred  to  shallow 
tanks,  heated  to  150°  to  160**F.  by  closed  steam  coils,  and  air- 
blown  until  clear,  bright  and  free  from  water. 

The  Average  Yield  op  Products  by  Dry-distillation 

(Paraffin-base  Petroleum) 

Light  naphtha \io*    ic  x 

„                ixi-  .  >  12  to  15  per  cent. 

Heavy  naphtha* J  ^ 

Burning  oil  stocks* 65  to  75  per  cent. 

Tar« 10  to  12  per  cent. 

Loss 5to    6  per  cent. 

The  Dry-  or  "Cracking"-Distillation  of  Mid-Continent  Petro- 
leum.*— When  the  temperature  of  the  oil  in  the  crude  still  has 
reached  175^  to  200°F.,  some  gases,  consisting  largely  of  butane 
and  pentane,  are  given  off,  and  presently  the  lightest  naphtha 
starts  to  distil  over.  The  firing  is  continued;  the  temperature 
in  the  still  becomes  gradually  higher;  and  the  distillate  becomes 
gradually  heavier  until  the  interior  of  the  still  reaches  a  tem- 
perature of  about  325°F.,  at  which  point  from  6  per  cent,  to 

•  On  the  recovery  of  sulphuric  acid  from  sludge,  see  pp.  584  to  591. 

•  The  "lye"  which  separates  and  is  drawn  off  after  this  treatment,  con- 
tains various  sulpho-compounds,  formed  by  the  treatment  with  sulphuric 
acid. 

On  its  subsequent  treatment,  see  p.  592. 

'  The  term  gasoline  (see  p.  870)  is  applied  to  both  light  and  heavy  naph- 
thas.   On  this  point,  see  Hyde,  /.  Ind.  Eng.  Chem.,  1,  377. 

•  The  quantity  of  naphtha  and  burning  oil  obtained  varies  according  to  the 
nature  of  the  petroleum.  The  amount  of  water-white  kerosene  obtainable  is 
said  to  average  16  per  cent.  Cf.  p.  474.  For  an  account  of  the  grades  of 
illuminating  oils,  sec  p.  876. 

•  On  the  products  of  tar,  see  paraffin  oUsj  p.  894;  paraffin  wax,  p.  894;  tvax 
tailings f  p.  921;  and  cokcj  p.  859. 

•  Based  upon  the  description  by  F.  C.  Robinson,  chief  chemist  of  the 
Atlantic  Refining  Company,  published  in  Proc,  Eng.  Club  Pkila,^  April,  1913* 
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8  per  cent,  of  crude  naphtha  (200^F.  boiling  point)  has  distilled 
over.    This  is  set  aside  as  crude  naphtha. 

The  distillation  is  continued  until  the  temperature  in  the  still 
has  reached  about  475°F.,  for  the  production  of  crude  heavy 
naphtha,  which  represents  13  per  cent,  to  15  per  cent,  of  the 
crude  and  has  an  average  boiling  point  of  about  300**F.  The 
distillation  is  then  carried  on  until  the  temperature  in  the  still 
has  reached  about  625°F.,  for  natural  lamp  distiUat€f  which 
represents  from  16  per  cent,  to  18  per  cent,  of  the  crude  petroleum 
and  has  an  average  boiling  point  of  about  450°F. 

When  the  still  has  reached  the  temperature  of  about  625°F., 
"  cracking/'  or  destructive  distillation,  sets  in.  The  fires  are 
slackened  in  order  to  distil  very  slowly,  and  this  slow  distillation 
is  continued  until  the  temperature  in  the  still  reaches  675**  to 
700°F.,  producing  a  distillate  with  an  average  boiling  point  of 
about  550°F.,  but  containing  some  gasoline,  some  lamp  oil  and 
much  heavier  oil;  this  may  be  referred  to  as  gas  and  fuel  ail  stock. 
The  yield  of  this  oil  is  about  20  per  cent. 

The  residuum  in  the  still  is  a  heavy  black  tar,  representing 
about  42  per  cent,  of  the  crude  oil.  This  tar  is  the  source  of 
paralBin  wax  and  the  line  of  lubricating  oils  called  paraffin  oils. 
It  is  no  longer  desirable  to  carry  on  a  cracking  distillation  be- 
cause this  would  result  in  the  destruction  of  the  valuable  prod- 
ucts. The  distillation  is  continued  in  such  a  way  as  to  avoid 
cracking  as  much  as  possible  (that  is,  it  is  distilled  fast),  either 
in  the  same  still  or  more  commonly  in  separate  smaller  stills, 
called  tar  stills. 

This  tar-still  distillation  is  carried  on  very  rapidly  in  order  to 
produce  the  maximum  yield  of  paraffin  distillate  (about  22  per 
cent.).  In  addition  to  the  paraffin  distillate,  there  is  also  pro- 
duced, by  destructive  distillation,  about  15  per  cent,  of  cracked 
distillate.  At  the  end  of  the  distillation  the  stream  becomes 
very  heavy  and  is  then  known  as  wax  tailingsy  which  amounts 
to  about  1  per  cent,  of  the  crude  oil.  The  cohe  which  remains  in 
the  still  upon  the  completion  of  the  distillation  amounts  to 
about  4  per  cent,  of  the  crude  oil.  The  paraffin  distillate  is 
delivered  to  the  pressing  plant,  where  paraffin  wax  is  separated 
as  described  on  page  478,  and  the  pressed  paraffin  distillate  is 
put  through  the  process  outUned  on  page  468. 

The  crude  naphtha  is  again  distilled;  first,  in  order  to  steparea 
it  into  the  various  gasolines  and  naphthas  that  compose  it,  and. 
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secondly,  to  separate  it  from  the  small  amount  of  "bottoms," 
or  light  lamp  oil,  that  it  contains.  This  distillation  is  carried 
out  in  a  still  which  is  heated  by  steam,  usually  by  injecting  live 
steam  directly  into  the  gasoline.  When  the  distillation  starts, 
some  gas  is  given  o£f,  then  the  lightest  distillate  appears  at  the 
trap,  usually  about  90*^  B6.  gravity.  The  distillate  gradually 
gets  heavier  until  all  the  gasoline  has  distilled  oflf .  The  receiver 
is  then  changed  and  the  naphtha  distillate  is  separated.  At  this 
point,  about  90  per  cent,  has  distilled  off,  leaving  a  bottom  of 
about  10  per  cent.  This  bottom  is  essentially  lamp  oil  and  is 
used  as  such. 

The  heavy  crude  naphtha  is  handled  in  the  same  manner, 
except  that  it  contains  little  or  no  gasoline,  but  about  50  per  cent, 
of  bottom,  or  lamp  oil.  The  cracked  distillate  is  also  distilled 
with  steam  to  remove  about  4  per  cent,  of  crude  naphtha. 

In  practice,  the  naphtha  distillates  are  agitated  with  about 
0.5  per  cent,  by  volume  and  the  lamp  oil  distillates  with  about  1.5 
per  cent,  by  volume  of  sulphiuic  acid,  for  about  ^  hr.  The  acid 
sludge  is-  drawn  off,  and  the  oil  is  washed  with  water  and  alkali 
to  remove  all  traces  of  acid,  and  is  then  ready  for  the  market. 

The  Average  Yield  op  Products  by  Dry-Distillation 

(Mid-Continent  Petroleum) 

Fire-stilling 

Yield  on  crude  oil 

Crude  naphtha  (200°F.  b.p.) 6  to    8  per  cent. 

Crude  heavy  naphtha  (300®F.  b.p.) 13  to  15  per  cent. 

Natural  lamp  distillate  (450*'F.  b.p.) 16  to  18  per  cent. 

Gas  and  fuel  oil  stock 20           per  cent. 

Tar 42           per  cent. 

Tar-still  distillation 

Paraffin  distillate 22  per  cent. 

Cracked  distillate 15  per  cent. 

Wax  tailings 1  per  cent. 

Coke 4  per  cent. 

The  Fractional  Distillation  of  Petroleum  with  the  Aid  of 
Steam. — In  refineries  engaged  in  the  manufacture  of  high-grade 
lubricating  oils  from  paraflSn-base  petroleum,  the  distillation  of 
the  latter  is  carried  out  from  the  beginning  with  the  aid  of  dry 
steam,  which  is  introduced  into  the  oil  for  the  minimization  of 
decomposition.  Smaller  yields  of  gasolines,  naphthas  and  illumi- 
nating oils  and  a  higher  yield  of  lubricating  oils  are  obtained. 
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le  residuum,  or  reduced  stock,  is  temied  "  steain-refined  cyl- 
ider  stock."^ 

In  practice,  the  lubricating  crude  still  is  charged  with  the 

ide  oil,  the  fires  are  started,  and  the  crude  naphtha  ia  distilled 

off  as  in  the  "cracking-distillation;"  but  when  the  temperature 

is  well  above  the  boiling  point  of  water,  steam  is  injected  into  the 

Under  these  conditions,  the  crude  naphtha  is  distilled  o£f 

the  temperature  in  the  steam  still  is  approximately  280''F., 

lile,  without  steam,  the  temperature  in  the  still  would  be  about 

'ST.     The  yield   from  light-colored   non-asphaltic  crudes  is 

about  13  per  cent,'     The  heating  is  continued,  and  more  and 

more  steam  is  introduced,  until  the  heavy  crude  naphtha  has 

distilled  off;  at  this  point,  the  temperature  in  the  still  is  about 

ICF.,  whereas  without  steam  it  would  be  about  475''F.     The 

lid  of  this  distillate  is  about  13  per  cent. 

The  fractional  distillation  ia  then  continued  for  the  production 

of  the  natiu'al  kerosene  or  laiup  oil  distillate;  at  this  point,  the 

temperature  of  the  distillate  in  the  still  is  about  500°F,,  while 

without  steam  it  would  approximate  630°F.     At  this  stage  of 

the  refining,  the  amount  of  steam  is  increased  and  the  distillation 

is  conducted  as  rapidly  as  poesible  in  order  to  avoid  cracking 

[destructive  distillation).     This  procedure  is  followed  until  the 

distillate,  or  lubricating  distillate,  has  distilled  over;  at  this 

nt,  the  temperature  in  the  atill  has  reached  about  620''F., 

td  the  fractionation  is  stopped,  leaving  the  cylinder  oil  stock 

the  still.     The  object  of  distillation  with  bottom  steam  is  to 

■uce  the  best  quality  and  largest  yield  of  this  stock,  which  is 

source  of  the  steam  cylinder  oils. 

['The  crude  naphtha  and  the   crude  heavy  naphtha  are  frac- 

led,  and  certain  of  the  distillates  receive  chemical  treatment: 

kerosene  or  lamp  oil  distillate  ia  treated  as  described  above; 

the  wax  or  lubricating  distillate  is  subjected  to  the  same 

paraffin  oil,  with   the  exception  that  the  resulting 

iricating  stocks  are  not  usually  chemically  treated,  but  are 

ircolated  through  Florida  earth  or  bone-black  to  obtain  the 

*  On  the  products  of  the  steam  distillation  of  paraffin-base  petroleums, 
t  gasoline,  p.  870;  iUuminatixig  oils,  p.  876;  spindle  oils,  p.  913;  cj'linder 
.  862;  petrolatum,  p.  631;  turpentine  substitutes,  p.  918;  and 
Uk  oile,  p.  854.  See  especially,  liowever,  p.  481,  whereon  is  given  a  list 
tf  the  products  manufactured  in  the  Appalachian  field. 
f'Experionce  of  the  Atlantic  Refining  Company.     See  Robinson,  lac.  cil. 
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neutral  spindle  oils.  The  cylinder  stock  is  either  marketed  as 
imfiltered  cylinder  oil  or  it  is  run  through  Florida  earth  ("clay"} 
to  produce  the  filtered  oils  of  commerce. 

When  a  paraffin-asphalt-  or  mixed-base  crude  petroleum  is 
put  through  this  process  of  fractional  distillation,  the  residue 
which  corresponds  to  the  cylinder  stock  from  a  paraffin-base 
crude,  consists  of  a  soft  pitch  which  amounts  to  10  to  15  per  cent. 
of  the  crude  petroleum.  This  residue  is  either  air-blown  or 
treated  with  sulphur  for  the  production  of  a  hard  pitch  which  is 
used  as  a  road  binder,  etc' 

The  Operations  in  Some  Pennsylvania  Refineries. — The 
following  brief  descTiption  of  the  operations  in  tiio  refining  of 
paraffin-base  petroleum,  represents  the  practice  at  the  eleven 
small  refineries  in  and  about  Warren,  Pa.,  visited  by  the  authors 
diulng  1915. 

■The  petroleum  is  delivered  at  the  refineries  into  storage  tanks' 
of  a  capacity  varying  from  10,000  to  55,000  bbl.  from  the  pipe 
lines*  or  tank  cars.* 

The  successive  operations  carried  on  in  the  refining  of  paraSin- 
base. petroleum  of  43°  to  44°Bfi.  gravity,  may  be  thus  described: 

The  crude  oil  may  be  first  steam-stilted  for  the  production  of  12 
to  15  per  cent,  by  volume  of  crude  benzine;'  but  it  is  aJso  the 
practice  to  fire-still  for  the  recovery  of  this  distillate,  when 
the  yield  amounts  to  20  to  22  per  cent.  The  operation  of 
steam-stilling,  which  gives  a  "sweeter"  product,  is  conducted  in 
horizontal  stills  having  a  capacity  of  500  to  1,500  bbl.,  although 
some  very  small  refiners  use  225-bbl.  stills  at  this  stage.  Fire- 
stilling  is  generally  carried  out  in  horizontal  stills  of  a  capacity  of 
3(X)  to  1,000  bbl.,  but  some  refiners  prefer  a  cheese-box  still  having 
a  capacity  of  150  to  1,000  bbl.*  The  stills  are  usually  charged 
four-fifths  full,  either  by  pumping  or,  in  cases  where  the  layout 
permits,  by  gravity  from  the  storage  tanks. 

The  crude  bemine  is  generally  of  63''B4.  gravity.     It  is  chem- 

'  See  p.  626. 

»Seep.  697.  , 

»  See  p.  249. 

*  From  the  tank  cars  the  petroleum  is  sometimes  run  first  into  a  receiving 
tAnk,  through  a  pipe  laid  between  the  rails  and  equipped  with  suitable  cou- 
nections,  and  ia  then  pumped  into  the  storage  tanks. 

*  This  term  ia  the  one  moiit  employed  by  the  Warren,  Pa.,  refiners.  Ct, 
p.  469. 

*  On  the  types  of  stills,  see  p.  716. 
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ically  refined  in  the  following  manner:  After  transferring  to  the 

agitators/  which  are  usually  of  400  bbl.  capacity  in  the  smaller 

Pennsylvania  refineries,  it  is  agitated  by  air  with  5  lb.  of  ee^B^. 

commercial  sulphuric  acid  per  barrel  of  distillate  treated;  and 

after  active  agitation  for  1,V^  hr.  and  then  allowing  the  acid-tar 

to  settle,  the  sludge  acid  is  run  off  and  the  benzine  is  washed  by 

I  spraying  cold  water  from  the  top  of  the  agitator.     This  washing 

ists  in  freeing  the  benzine  from  sulphuric  acid,  and  about 

ich  water  is  used  as  benzine  washed;  the  water  is  run  off  as 

^pidly  as  it  accumulates  in  the  agitator  bottom.     The  benzine 

3  next  agitated  with  a  solution  of  caustic  soda  (5*  to  10°B6.), 

Iwiiich  operation  is  a  duplication  of  the  treatment  with  sulphuric 

icid,  the  caustic  soda  and  tar  being  run  off,  and  the  benzine 

I  washed  as  before. 

Following  the  chemical  treatment,  the  benzine  is  pumped  or 

Kcharged    into    the   steam    stills    for    fractionation.     The   con- 

fdensates  of  this  fractionation  usually  vary  in  gravity  from  76° 

Eto  54°B6.:  all  the  condensate  from  the  beginning  of  the  distilla- 

,  at  80''B6.  or  higher,  down  to  SS'Bfi.  goes  into  the  grades  of 

ioline,  while  the  fraction  having  the  gravity  58°  to  54°B4. 

lonstitutes  the  deodorized  naphtha.     The  stills  are  shut  down 

when  the  gravity  of  the  condensates  reaches  54''B^.,  and  the 

J"bottoms"  are  used  for  working  up  into  kerosens.     The  loss  of 

wnzine  during  all  of  the  operations  just  mentioned  amounts  to 

from  2  to  4  per  cent.     The  best  practice  is  to  treat  tiie  benzine, 

continuously,  whereby  a  large  saving  is  effected. 

In  the  production  of  iUuminaling  oH,  or  kerosene,  the  cut  is 
from  54°  to  SS^B^.,  and  the  yield  of  crude  kerosene  amounts  to 
about   42   per  cent.     This  is   sometimes  redistilled  before  re- 
ceiving chemical  treatment.     The  latter  is  practically  identical 
■  with  that  received  by  the  crude  benzine,  except  that  from  two  or 
e  times  as  much  wash  water  is  used. 
Following  this  refining,  the  kerosene  is  run  from  the  agitators 
into  settling  tanks  or  bleachers,*  preferably  of  sufficient  diameter 
i  make  a  shallow  depth;  but,  as  an  intermediate  step,  some 
ifiners  agitate  the  chemically  treated  oil  with  1  lb.  of  pulverized 
Florida  earth  per  barrel  of  kerosene,  after  washing  with  water. 

'  See  p.  744  for  a  detailed  description  of  the  types  of  ugitators  in  use.     On 
)b*  cLemical  Ircatment  of  petroleum  diBtillates,  see  p.  57B;  cf.  pp.  460  and 
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The  refined  kerosene  is  left  in  the  bleachers  for  from  12  to  24 
hr.,  after  which  it  is  ready  for  marketing. 

When  a  kerosene  of  160^F.  fire  test  is  desired^  the  distillate 
cut  is  made  from  54°  to  41°B6.  Mineral  colza  oU  is  the  cut  from 
41®  to  38®B6.  Both  condensates  receive  chemical  treatment, 
but  mineral  colza  is  usually  given  longer  agitation  than  crude 
kerosene.^ 

The  distillate  collected  from  38°  to  36.5°B^.  constitutes  fuel 
or  gas  oil,  but  some  refineries  market  the  '* bottoms"  from  the 
kerosene  redistillation  as  gas  oil.  This  product  is  neither 
chemically  reSSned  nor  redistilled. 

Wax  distillate  is  the  final  condensate.  It  is  run  off  from  35° 
to  33°B6.,  and  is  worked  jip  into  paraffin  wax  and  neutral  oils 
after  "cracking,"  as  described  below.^ 

The  residuum,  steam-refined  cylinder  stock,  is  pumped  out  from 
the  stills  through  a  cooler  and  filtered  through  Florida  earth 
(''filtered  cylinder  oils").  It  does  not  ordinarily  receive  any 
chemical  treatment.  About  one-third  of  the  petroleum  refined 
goes  into  wax  distillate  and  cylinder  stock,  that  is,  into  lubricat- 
ing products  and  paraffin  wax. 

The  cost  of  manufacturing  products  from  petroleum,  in  small 
Pennsylvania  refineries,  according  to  the  above  procedure, 
amounts  to  from  $0.01  to  $0.0125  per  gallon,  based  on  the  crude 
oil  put  through  the  refinery. 

Yield  of  Products  from  Paraffin-base  Petroleum 

(Warren,  Pa.,  Practice) 

Gasoline  products 22 . 0  to  25 . 0  per  cent. 

[  150°F.  fire  test 35.0  to  43.0  per  cent. 

liluniinatiug  oils . . . .  < 

[  300°F.  fire  test 0 . 2  to    7 . 0  per  cent. 

Wax  distillate' 16.0  to  18.0  per  cent. 

Cylinder  stock 14 . 0  per  cent. 

Loss 4.0  per  cent.* 

^  On  mineral  colza  oil,  see  p.  885.  The  product  termed  mineral  seal  oil, 
a  dense  oil  of  39°B6.;  used  for  lighthouse  and  railroad  lights,  was  formerly 
made  as  follows:  Any  crude  distillate,  from  40°  to  32°B6.,  was  first  treated 
with  4  oz.  of  sulphuric  acid  to  the  gallon,  washed  with  a  solution  of  caustic 
soda,  and  distilled  over  soda  lye.  The  oil  had  a  fire  test  of  300°F.  and  but 
little  odor.  The  portion  of  the  distillate  which  was  lower  than  34''B6.  in 
gravity,  went  into  the  machinery  oil. 

*  See  p.  478. 

'  Ten  per  cent,  of  this  goes  into  paraffin  wax. 

*  Four  per  cent,  loss  is  considered  to  bo  good  practice. 
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The  following  account  of  the  processes  of  treating  Pennsylvania 
petroleum  for  the  purpose  of  working  up  the  whole  of  the  prod- 
ucts, presents  in  outline  the  refinery  operations  of  Beveral  im- 
portant companies  in  the  Appalachian  field,' 

These  companies  state  that  while  it  is,  of  course,  possible  to 
distil  the  various  grades  of  gasoline  and  naphtha  directly  from 
the  petroleum,  such  a  procedure  does  not  give  sufficiently  "clean  " 
products.  Accordingly,  the  gasolines  and  naphthas  are  distilled 
from  the  benzine  after  it  has  been  run  off  from  the  petroleum. 

The  benzine  is  divided  as  it  comes  from  the  condensers  into  two 
grades,  termed  light  (68°  to  70°B^.)  and  heavy  (60°  to  BS^B^.)- 
These  products  are  then  placed  in  gasoUne  stills,  heated  by  steam, 
and  fractionated  into  the  various  gasolines  and  naphthas,  which 
are  afterward  refined  with  sulphuric  acid  and  caustic  soda  in 
agitators. 

The  iUuminalin^  oils,  usually  of  two  grades,  are  distilled  from 
the  crude  oil  after  the  light  and  heavy  benzines  have  been  taken 
off.  They  are  raised  to  the  required  fire  test  by  expelUng  the 
more  volatile  portions  in  steam  stills,  but  the  best  illuminating 
oils  are  rerun  in  the  fire  stills  before  being  steam-stilled.  On 
coming  from  the  steam  stills,  the  oil  is  treated  vrith  sulphuric 
acid  and  caustic  soda,  and  is  then  filtered  through  fullers'  earth. 
The  finished  products  usually  range  in  gravity  from  45°  to 
49°B(5. 

The  neutral  oils,  or  "spindle  distillates,"  which  cany  the  par- 
affin, are  distilled  from  the  oil  after  the  second-grade  illuminating 
oil  has  been  run  off.  Care  is  exercised  in  cutting  the  distillates, 
80  that  the  paraffin  distils  over  in  the  neutral  oils,  that  no 
paraffin  comes  off  in  the  illuminating  oils,  and  that  a  minimum 
amount  of  it  remains  in  the  cylinder  stocks  to  affect  the  cold 
test  thereof.     All  stocks  contain  some  paraffin. 

The  neutral  oil  carrying  paraffin  {"spindle  distillate")  is 
termed  "wax  distillate."  It  is  usually  "cracked,"  then  cooled 
and  filter-pressed,  for  the  recovery  of  paraffin  wax,'  The  oil 
coming  from  the  presses — "pressed  distillate" — is  next  reduced  in 
stills,  and  the  resulting  product,  reduced  spindle  oU  stock  or 
viscoiis  neutral  oil,  is  filtered  through  fullers'  earth  or  bone- 
black,  contained  in  cylindrical  filters  of  15  to  20  tons  capacity, 

•  For  UoBcriplions  ot  refinery  equipment,  see  pp.  644  to  776.  . 

»See  p.  478. 
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to  colors  ranging  from  dark  red  to  white.  The  "pressed  dis- 
tillate*' is  usually  reduced  to  225  viscosity  red  before  filtration. 

The  viscous  neutral  oils  range  in  viscosity  from  150  to  240  on 
the  Saybolt  A  instrument  at  70°F.  and  the  dark  colored  products 
have  a  gravity  of  from  30°  to  32°B6.  It  is  said  that  the  high 
viscosity  neutrals  from  Pennsylvania  petroleum  are  the  nearest 
approach  to  animal  oils  of  any  petroleum  products,  since  they  are 
very  thin  ahd  adhere  tenaciously  to  rubbing  surfaces,  regardless 
of  pressure.  The  claim  is  made  that  when  viscous  neutral  oils 
from  Pennsylvania  petroleum  are  well  over  200  Saybolt  viscosity, 
there  are  no  products  on  the  market  so  valuable  for  the  lubrica- 
tion of  engines,  dynamos,  automobile  cylinders,  compressors,  or 
any  mechanical  devices  requiring  a  high  viscosity,  high  fire  test, 
fluid  oil,  as  they  require  no  compounding  whatever  to  perform 
the  heaviest  work  that  may  be  required. 

The  low  viscosity  or  so-called  ^*  non-viscous^^  neutral  oils  are 
the  lighter  portions  that  distil  from  the  "pressed  distillate"  in 
reducing  that  oil  to  viscous  neutral.  They  arc  placed  in  stills 
and  are  slightly  reduced,  meanwhile  "sweetening"  by  steam, 
after  which  they  are  filtered  to  the  various  colors  up  to  white; 
none  receives  an  acid  treatment.  Non-viscous  neutrals  from 
Pennsylvania  petroleum  are  said  to  make  valuable  lubricants 
for  light,  high-speed  work. 

Sun-bleached  neutral  oil  is  prepared  by  placing  the  light  product 
distilled  from  the  non-viscous  neutrals  in  pans  20  ft.  by  40  ft., 
and  sun-bleaching  at  a  depth  of  about  8  in.  over  water.  Sun- 
bleached  bloomless  oils  are  said  to  hold  their  color  and  to  be 
valuable  for  adulterations,  wool  stocks,  miners'  oils  and  il- 
luminating purposes  where  a  high  fire  test  is  required.  Neu- 
tral oils  are  usually  sunned  before  filtration,  to  diminish  the 
fluorescence. 

Steam-refined  cylinder  stock  constitutes  the  residue  which  re- 
mains in  the  still  after  the  other  products  have  been  run  off. 
These  stocks  vary  in  fire  te^st  from  500°F.  to  700°F.  and  none 
over  610°F.  fire  test  is  filtered.  600°F.  stocks  are  used  to  a  far 
greater  extent  than  any  other  tests.  AVhcn  flash,  fire,  viscosity 
and  cold  tests  are  satisfactory,  the  principal  requirement  in  all 
stocks  is  that  they  be  free  from  tar;  high-test  stocks  are  much 
more  likely  to  contain  this  undesirable  impurity  than  those  of 
lower  test-s. 

The  rcfijwd  paraffin  wax  is  of  two  molting  points,  viz.,  118**— 
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120°F.  and  126'*-128*'fr.  It  is  formed  into  cakes  about  15  in. 
by  20  in.  by  2)4,  in.  thick;  these  cakes  are  packed  in  paper  in 
cases  weighing  about  110  lb.  net  and  in  bags  #f  about  120  lb. 
gross. 

The  Manufacture  of  Pftraflbi  Wax.^ — ^After  the  distillation 
has  reached  the  stage  where  the  boiling  point  exceeds  450^F., 
the  paraflQji  wax  and  lubricating  oils,  called  ''paraffin  oils/' 
distil  over.  The  fires  are  slackened  in  order  to  distil  very  slowly. 
This  is  continued  until  the  temperature  in  the  still  reaches  675** 
to  700®F.,  producing  a  distillate  of  an  average  boiling  point  of 
550°F.  This  distillate  may  carry  some  gasoline,  illuminating 
oil,  and  much  hea\'ier  oil,  known  as  gas  oil  and  "fuel  oil  stocK," 
which  is  further  distilled  off. 

Preparation, — Depending  upon  the  nature  and  properties  of 
the  crude  to  be  handled,  refiners  have  different  methods  in  pre- 
paring the  wax  distillate,  from  which  certain  lubricating  oils  and 
paraffin  wax  are  made.  A  wax  distillate  may  be  rerun  or 
"cracked"  in  the  stills,  thereby  giving  a  distillate,  crystalline 
in  form,  which  affords  a  more  complete  separation  of  the  wax 
from  the  oil  in  the  filter  presses.  Some  distillates,  on  the  other 
hand,  are  not  rerun  in  stills  and  satisfactory  yields  are  obtained. 

In  rerunning  a  distillate  in  a  lubricating  still,  too  much  steam 
makes  a  poor-pressing  distillate,  but  it  increases  the  yield  of 
viscous  neutrals  from  the  pressed  oil.  The  practices  are  varied 
and  so  it  devolves  upon  the  refiner  to  work  out  the  best  method 
to  get  the  products  desired.  It  is  generally  understood  that  a 
rerun  distillate  will  always  press  in  every  way  better  and  more 
easily  than  an  original  distillate  from  the  first  distillation.  A 
distillate  having  poor  pressing  qualities,  naturally  requires  more 
filter-press  capacity  for  a  given  throughput  of  distillate. 

Process  of  Cold  Pressing. — The  paraffin  distillate  obtained  is 
is  pumped  into  storage  tanks,  ready  for  the  operations  in  the 
wax-chilling  and  pressing  plant.  The  distillate  is  first  cooled 
to  a  temperature  of  15°  to  30°F.,  depending  on  the  cold  test  of 
the  pressed  oil  required.  This  is  accomplished  by  pumping  the 
distillate  from  storage  tanks  through  the  pipes  of  a  chilling 
machine  designed  for  this  purpose;  th(»  usual  range  is  from  90®F. 
going  in  to  15°F.  coming  out.  The  (^hilling  caus(;s  the  paraffin 
wax  (amounting  to  about  10  \)i\r  v.i\\\i.  of  the  (list  illato)  to  solidify. 

^This  description  applioH  to  both  panifrm-bamt  and  paraffin-aRphalt  base 
petroleums. 


This  solid  10  per  cent.,  mixed  with  the  90  per  cent,  liquid  oil, 
forma  a  soft  mush  which  is  pumped  through  a  high-pressure 
hydraulic  filter-press.  That  which  remains  in  the  press  is  called 
the  "slack  wax"  and  amounts  to  about  20  per  cent,  of  the  paraffin 
distillate.  The  80  per  cent,  that  goes  through  ia  called  "pressed 
distillate,"  or  "pressed  oil."  This  chilling  and  pressing  is 
carried  on  continuously  with  one  pumping  operation. 

To  produce  the  chilling  eflfect  or  refrigeration,  an  ammonia 
absorption  type  of  refrigerating  machine  is  generally  used,  on 
account  of  its  suitability  for  low  temperatures.  Calcium  chloride 
brine  of  proper  strength  not  to  freeze  is  the  medium  circulated 
through  the  horizontal,  double-pipe  chilling  machines  after  being 
cooled  by  the  absorption  machine.  The  brine  is  pumped  into 
the  bottom  of  the  chilling  machine  and  is  circulated  through  the 
annular  space  between  the  fi-in.  and  8-in.  pipe  thereof.  The 
outlet  is  at  the  top.  The  distillate  enters  the  inner  pipe,  travel- 
ing counter-current  to  the  cold  brine.  The  outlet  ia  at  the  bottom 
run  of  pipe  and  thence  the  distillate  is  delivered  direct  to  the 
filter  presses  in  a  chilled  solid  mass  for  separation  or  filtering. 

The  cold  unpressed  distillate  is  pumped  into  the  press  through 
a  line  provided  with  relief  valves,  set  at  a  pressure  of,  say,  300 
to  350  lb.  gauge,  to  prevent  too  high  a  pressure  being  put  on  the 
press.  The  time  of  running  a  press  is  governed  by  the  nature  of 
the  distillate  handled.  A  distillate  which  is  poorly  crystallized 
or  in  which  the  crystals  are  fine,  ia  much  slower  in  separating 
the  pressed  oil.  When  the  pressing  is  completed,  the  setting- 
up  ram  is  reversed  so  as  to  pull  back  the  press  platen.  This 
allows  the  press  men  to  dump  the  "slack  wax"  from  the  spacing 
rings,  which  are  generally  ^f  in.  thick.  This  "slack  wax"  cake 
ia  usually  hard  and  dry.  It  falls  to  a  conveyor  and  ia  carried 
to  slack  wax  tanks  outside  of  the  building,  which  are  provided 
with  steam  coils  for  melting  the  wax.  The  "slack  wax,"  con- 
sisting of  about  equal  parts  of  oil  and  wax,  is  then  put  through 
the  sweating  process. 

Sweating  Process. — This  process  consists  of  cooling  the  mixture 
until  it  has  become  a  solid  cake  and  then  very  gradually  warming 
it.  The  crystals  of  the  paraffin  form  a  network  through  which 
the  oil  is  distributed  and,  when  the  mass  is  warmed,  the  oil 
sweats  out  and  drips  away.  It  always  carries  with  it  some  wax 
in  solution,  but  the  final  result  is  that  the  oil  all  sweats  out,  leaving 
the  paraffin  wax  in  a  fairly  pure  state.     This  sweating  process 
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separates  the  slack  wax  into  crude  paraffin  wax  and  what  is 
known  as  "foots  oil."  The  latter  still  contains  much  paraffin, 
which  is  removed  by  putting  it  again  through  either  the  cold 
pressing  or  sweating  process. 

In  sweating  ''slack  wax"  a  series  of  pans  placed  one  above  the 
other  in  a  brick  building,  is  used.  There  is  no  particular  design 
or  size,  but  each  refiner  has  his  own  ideas  as  to  the  construction 
details.^ 

It  is  customary  to  first  fill  these  pans  with  cold  water  to  a 
point  about  J^-in.  above  the  level  of  the  screens,  then  to  pump 
melted  wax  into  the  pans  to  a  depth  of  4  in.,  after  which  it  is 
cooled  by  means  of  cold  water  circulation  through  the  coils  in 
the  pans.  As  soon  as  the  wax  is  cooled,  or  hardened  to  the 
point  where  it  will  stand  up  on  the  screens,  the  water  under  the 
body  of  wax  is  drawn  off  from  the  central  outlet.  After  the 
water  is  thoroughly  drained  from  the  pans,  thie  doors,  windows 
and  ventilators  are  closed  and  steam  is  turned  into  the  heating 
coils,  located  on  the  walls.  This  then  brings  the  room  tem- 
perature up  gradually  to  a  point  near  or  at  the  ultimate  melting 
point  of  the  sweated  wax.  Care  should  be  taken  not  to  get 
the  room  temperature  too  high,  in  which  case  there  would  be 
melting  and  breaking  down  of  crystalline  structure,  instead  of 
sweating,  and  thus  needless  loss  of  material.  It  usually  requires 
about  24  hr.  to  sweat  a  batch  of  melted  wax,  depending  largely 
upon  how  it  separates. 

When  the  sweated  wax  has  reached  the  required  point,  as 
determined  by  making  a  test  for  percentage  of  oil  and  melting 
point,  steam  is  turned  into  the  coils  in  pans,  thus  melting  down 
the  fibrous  or  porous  body  of  wax,  which  runs  by  gravity  to 
receiving  tanks  below.  Some  prefer  to  have  separate  steam 
coils  below  the  screens,  instead  of  using  the  same  coils  for  both 
water  and  steam.  The  melting  point  of  wax  is  not  a  sufficient 
indication  of  the  percentage  of  oil  it  may  contain.  For  com- 
mercial purposes,  the  melting  point  varies  from  118°  to  126°F. 

Decolorization, — The  crude  paraffin  wax  is  finally  percolated 
through  Florida  earth  ("clay")  or  bone-black,  for  the  purpose  of 
eliminating  tarry  and  asphaltic  coloring  matters  and  thereby 
converting  it  into  refined  colorless  paraffin  wax.^ 

*0n  some  of  the  important  enRinccring  details,  see  p.  763. 
'  At  the  big  eastern  refineries,  the  *' clay  "  is  put  into  large  upright  cylin- 
ders holding  from  10  to  20  tons  and  provided  with  a  finely  perforated  bottom. 
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Capacity. — Wax  plants  are  designed  to  handle  a  certain 
quantity  of  impressed  wax  distiUate.  The  smallest  unit  con- 
sidered practical  to  run,  ia  100  bbl.  {42  gal.  each)  per  day  of  24 
hr.  The  larger  plants  are  designed  to  handle  a  quantity,  de- 
pendent on  the  amount  of  crude  to  be  run  daily  in  the  stills. 
It  ia  necessary  to  know  the  nature  of  the  crude,  for  different 
percentages  of  wax  distillate  are  obtained. 

Information  regarding  the  equipment  of  wax  plants  may  be 
found  on  pages  753  to  772  of  Chap.  XIV. 

The  methods  employed  in  the  production  and  refining  of 
paraffin  wax  at  the  Scottish  shale-oil  works,  will  be  referred  to  in 
Chap.  XVII.' 

Petroleum  Products  Manufactured  in  the  Appalachian  Field.' 
— The  principal  products  derived  from  the  petroleum  of  the 
Appalachian  field  arc  as  follows: 

Gasoline^  and  Tiaphtha*  are  made  in  gravities  varying  from 
56*8 ^.  to  86°B^.  Gasoline  used  principally  for  automobile 
purposes  is  from  60''B^.  to  74 °B^.;  the  heavier  grades  of  gasoline 
are  used  for  blending  with  natural  gas  gasohne.  Light  naphtha 
is  employed  in  the  manufacture  of  rubber  cements  and  in  dry 
cleaning,  while  the  heavier  grades  are  used  in  paint  mixing. 
Gasolines  and  naphthas  vary  in  average  boiling  point  according 
to  the  use  for  which  they  are  intended,  but  usually  lie  between 
125°?.  and  280"^ 

Kerosenes,  also  known  as  burning,  illuminating  or  lamp  oils, 
are  generally  made  in  standard  grades  of  47°B^,  gravity,  ISOT. 

The  cruile  wax  is  mdted  anil  poured  on  top  of  the  "clay."  It  trickles  down 
through  the  bed  and  passes  through  the  perforated  bottom.  It  ie  said  that 
a  ton  of  "clay"  will  yield  5  to  0  tons  of  firflt-quality  paraffin  wax. 

On  plant  for  decolorizing  paraffin  wax  by  means  of  bone-black,  see  p.  767. 

On  the  regeneration  of  spent  Florida  earth,  eee  p.  617. 

1  On  practice  in  the  continent  of  Europe,  see  Sinqeh,  Pttraletim,  8,  1428 
and  1611 ;  Poroes,  idem,  9,  18;  Fleischeh,  idem,  9,  87;  Weiser-Mata,  Z. 
angeiD.  Chem.,  33,  2270;  and  Enoleb  and  HOfbr's  "Das  Erdal,"  3. 

'  For  definitions  of  the  available  tradenames  of  the  products  of  petroleum, 
see  Chap,  XVIII,  pp.  845  to  923.  The  nomenclature  of  petroleum  products 
is  often  confusing. 

*  A  good  practice  is  to  use  the  term  gasoline  for  any  mixture  of  light  hydro- 
carbons intended  for  use  in  any  kind  of  vaporizer,  that  is,  to  be  gasified 
in  a  gas  machine,  gasoline  torch,  gasoline  stove  or  automobile  carburetor. 

*  The  word  naphtha  is  here  applied  to  mixtures  of  light  hydrocarbons  in- 
tended for  some  purpose  that  requires  a  very  good  odor,  euch  as  vamiah  mak- 
ing, Bosp  making,  and  cleaning. 
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fire  test;  47J^'*B6.  gravity,  160**F.  fire  test;  48**B6.  gravity,  160** 
fire  test;  49**B6.  gravity,  ISO'^F.  fire  test;  and  export  oil,  llO^'F. 
fire  test. 

In  addition  to  these  grades,  others  are  made  for  special  pur- 
poses: 300®F.  fire  test  for  railroad  signals^  and  48®  gravity  150®F. 
fire  test  for  incubators,^  are  instances  of  special  illuminating 
oils.' 

Illiuninating  oil  is  understood  by  most  refiners  to  be  a  mixture 
of  hydrocarbons  whose  average  boiling  point  is  about  450*'F., 
entirely  freed  on  the  one  hand  from  gasoline  or  naphtha  and  on 
the  other  hand  from  the  heavy  hydrocarbons  that  belong  to  gas 
oil  and  lubricating  oil. 

Non-viscous  neutral  oUs  are  made  in  different  colors  and  tests 
and  are  used  for  a  great  many  different  purposes,  among  which 
are  oils  for  all  grades  and  kinds  of  light  and  fast  running  ma- 
chinery, cordage  oil,  wool  oil,  road  oils,  etc.  Neutral  oils  below 
150  viscosity  on  the  Saybolt  instrument  are  generally  included 
in  the  term  non-viscous  oils. 

Cylinder  Oils. — Pennsylvania  petroleum  yields  an  oil  for  use  in 
steam  cylinders,  which  is  made  in  various  tests,  ranging  from 
flash  test  540°F.  to  630°F.,  equivalent  to  a  fire  test  of  GOO^F. 
to  710°F.  Steam  cylinder  oils  must  possess  such  a  flash  that  they 
will  not  evaporate  in  a  steam  cylinder  and  the  proper  viscosity 
for  the  use  intended  at  the  temperature  of  the  cylinder. 

Automobile  Oils. — These  are  used  in  automobile  cylinders. 
The  essential  requirements  for  an  oil  for  this  purpose  are  proper 
viscosity  and  high  flash  test,  with  a  minimum  tendency  toward 
carbonization.*  The  refiners  of  Pennsylvania  petroleum  claim 
that  their  neutral  oils,  properly  refined  and  filtered,  possess 
these  qualifications.^  Automobile  oils  arc  made  in  various  tests, 
ranging  principally  from  flash  test  390°F.  to  flash  test  450**F., 

1  See  mineral  seal  oil,  p.    885. 

*  See  incubator  oil,  p.  876. 

*  See  p.  876  for  other  comments  on  illuminating  oils. 

*  See  spindle  oil,  p.  913.  On  the  systematic  oiling  of  all  important  parts 
of  the  automobile  mechanism,  see  Sci,  Am,j  Jan.  2,  1916,  18.  For  a  general 
consideration  of  motor  cylinder  lubrication,  see  G.  S.  Bkyan,  J.  Am.  Soc, 
Mech.  Eng.,  37  (1915),  293. 

*  Bryan  (op.  cit.)  states  that  oils  from  southern  asphalt-base  crudes  have 
shown  less  carbon-forming  proclivities  in  the  cylinder  than  oils  from  Penn- 
sylvania petroleum. 


equivalent  to  fire  teat  440''F.  to  550T.;  the  viscosities  vary  from 
150  to  240  on  the  Saybolt  instrument  at  TO^F. 

Gae  engine  oils  are  made  in  various  tests  and  colors  for  other 
internal  combustion  engines.     The  requirements  are  similar. 

Paraffin  wax  is  made  in  grades  termed  by  the  trade  "yellow 
crude  scale,"  "white  scale,"  and  "refined  wax."  It  is  made  to 
melt  at  temperatures  ranging  generally  from  I10°F.  to  ISO^F,, 
the  standard  grades  being  1187120"  m.p.,  1227124°  m.p.,  and 
124''/126°  m.p.  The  refined  wax  is  pure  white;  it  ehoiJd  contain 
less  than  0.5  per  cent,  of  oil  and  moisture  and  be  practically 
odorless  and  tasteless. 

The  above-mentioned  products  are  the  principal  ones  derived 
from  Pennsylvania  crude  petroleum.  There  are  others  obtained, 
such  as  petrolatum,  medicinal  mineral  oil,  and  turpentine  sub- 
stitute, a  product  similar  to  heavy  benzine;  but  these  are  pro- 
duced only  in  limited  quantities  and,  with  the  exception  of  pet- 
rolatum, are  not  of  much  commercial  importance. 

The  Operations  in  the  Refining  of  Asphalt-Base  Petroleum. — 
The  refining  of  aaphalt-basc  petroleum  in  toto  is  substantially 
the  same  as  presented  in  the  methods  of  refining  parafKn-base 
crude  oil.  The  residue  is,  however,  asphalt,^  instead  of  cylinder 
stock,  and,  except  in  the  case  of  paraffin-asphalt  or  semi-as- 
phalt base  petroleums,  no  wax  distillate  is  obtained.  On  the 
other  hand,  a  larger  yield  of  fuel  oil  ia  procurable.* 

'  The  proper  diatiUatiou  at  low  temperoturea  o(  Cflliforiiia  petroleum,  in 
order  to  obtain  a  suitable  residue,  waa  Erat  attempted  by  the  Barber  Asphalt 
Pftving  Company.  See  the  following  deecriptive  notes  in  Chap.  XVIII.; 
Asphalt,  Bitumen,  Bitumiaoua  Materials,  and  "Condensed"  or  "Blown" 
OiU.     Of.  the  following  chapter,  pp.  620  to  631. 

'The  crude  oil  of  the  Kanpas,  Oklahoma,  Louisiana,  and  Texas  fields  b 
refined  in  two  types  of  plant—those  which  produce  ooly  naphtha  or  gasoline, 
illuminating  oils,  and,  in  some  cases,  gas  oil,  the  residuum  being  sold  for  fuel 
oil;  ajid  those  which,  in  addition  to  obtaining  some  of  the  above-mentioned 
products,  also  produce  lubricants  from  the  residuum.  The  first  type  of 
refineries  ia  commonly  known  as  "skimming"  or  "topping"  plB,ntB;  the 
second  as  "lubricating"  plants.  Most  of  the  refineries  situated  west  of  the 
Miasiasippi  River  do  not  produce  lubricants.  The  reasons  for  this  are  found 
in  their  comparatively  limited  markets  for  lubricating  oils,  in  the  more 
expensive  plant  and  higher  grade  of  skill  needed  to  manufacture  lubrlcantfl, 
and,  to  some  extent,  also  in  the  profitable  local  markets  for  fuel  oil.  As  a 
result,  comparatively  little  lubricating  oil  is  refined  west  of  the  Missisaippi 
River  from  the  crude  oil  of  the  Mid -Continent,  Louisiana,  and  Texas  fields, 
when  the  quantity  of  the  crude  oil,  which  unquestionably  has  considerable 
lubricant  possibililiea,  ia  considered.     The  refinere  have  regarded  it  more 
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Fig,  107,— Tlie  plant  of  Hid  Ciukhy  nt-fuii.iK  {.'cini|.uiiy  nt  Coftpjviilc-, 
Kaosaa.  This  refinery,  which  whb  orectuil  in  IIMIU  aiiO  euvcn  iC  ttoros,  has 
a  etill  uttpacitv  of  5,000  bbl,  per  tiny;  a  gciiorol  lino  «f  pi^raloutn  produota  is 
made  from  Oklahoma  crude  oil. 
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In  the  distillation  of  asphalt-base  petroleums  to  a  tar,  called 
by  some  asphaltmn  oil  or  fluxing  oil,  the  distillates  are  cut  ac- 
cording to  gravity,  as  in  the  case  of  the  processes  described. 
If,  however,  the  crude  oil  is  essentially  a  fuel  oil,  and  it  is  only 
necessary  to  distil  off  a  small  amount  of  naphtha  and  burning 
oil  in  order  to  obtain  a  fuel  oil  which  may  be  stored  with  safety, 
the  distillation  is  carried  on  until  the  distillate,  which  is  passed 
through  a  condenser  and  appears  in  the  tail  house,  indicates  by 
its  gravity  that  the  oil  remaining  in  the  still  will  have  a  flash- 
point above  a  degree  designated  as  safe — usually  150°F.  The  oil 
is  then  pumped  through  a  cooler  into  the  proper  tanks  for  dis- 
tribution to  the  points  of  use. 

In  the  manufacture  of  road  oils,  the  process  is  much  the  same, 
although  the  practice  is  becoming  more  frequent  of  carrying  the 
distillation  until  the  residuum  left  in  the  still  is  largely  asphaltic 
oil  that  is  almost  solid  when  cold.  Steam  is  used  very  generally 
in  the  reduction  of  crude  oils  for  road  purposes,  because  the  re- 
sulting oil  is  more  elastic  than  would  be  the  case  if  steam  were 
not  used.  Without  steam,  the  oil  is  cracked  into  a  product  which 
is  more  brittle. 

Prior  to  1908  the  oil  production  in  the  State  of  California  had 
been  almost  entirely  a  heavy  fuel  oil,  with  a  high  flash-point, 
but  changed  within  a  short  period  to  a  large  percentage  of  re- 
fining oil  with  a  low  flash,  by  reason  of  the  coming  in  of  the  Santa 
Maria  field,  the  Midway  field,  and  the  increased  production  of 
the  FuUerton  field. 

This  is  clearly  shown  in  the  following  tabulation  of  California's 
production: 


Year 


Barrels 


Below  20°B6., 
per  cent. 


Above  20*B6., 
per  cent. 


1908 

48,307,000 

90 

10 

1910 

77,698,000 

80 

20 

1912 

90,075,000 

69 

31 

1914 

103,600,000 

47 

53 

The  bringing  in  of  these  high  percentages  of  light  oil  with  their 
low  flash  and  the  increasing  demand  for  refined  products  led  to 

expedient  or  profitable  to  "top'*  their  crude  and  sell  the  residuum  for  fuel 
oil.  When  market  conditions  warrant,  sometimes  part  of  the  residuum  is 
run  to  gas  oil,  at  other  times  all  of  it  goes  into  fuel  oil. 
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the  devising  of  topping  plants  as  a  cheap  and  eScient  means  of 
quickly  separating  the  lighter  oils,  either  in  the  field  or  at  the 
main  diatributing  points,  . 

The  plant  devised  by  M.  J.  Trunible  has  been  installed  at 
several  refineries  in  California,  for  the  production  of  gasoline, 
"distillate)"  and  fuel  oil.'  In  the  Trumhle  "evaporator,"  the 
petroleum  is  fed  into  the  upper  part  of  a  chamber  having  vertical 
walls  and  heated  externally  by  suitable  means;  it  b  caused  to 
spread  over  the  walla  in  a  thin  film  by  means  of  conical  spreaders, 
and  the  vapore  given  off  are  withdrawn  through  openings  in  a   ' 


B9. — View  ftt  a  recently  erectetl  California  refinery,  Bhowing  the 
Bo  ft.  by  40  ft.  stcnm  stilla  with  their  towers  and  condenser  boxes,  and  (to 
"le  ertreuic  left)  an  agitator. 

central  vapor  pipe  having  horizontal  discharge  pipes  passing 
through  the  wails  of  the  evaporator  and  through  the  heating 
jacket  to  a  collecting  main  without.*  The  Trunible  apparatus 
for  refining  petroleum  comprises  a  series  of  compartments,  each 
Bupplied  with  an  overflow  to  the  succeeding  compartment  at  such 
a  height  that  the  petroleum  sinks  from  level  to  level  as  it  passes 
through  the  compartments.  The  petroleum  is  heated  by  steam 
coils  in  the  compartments  and  the  distillate  is  condensed  in  a 
Bingle  condenser  chamber  extending  over  the  top  of  the  com- 
partmeDts  and  communicating  with  each  one.     In  practice,  the 


I  See  p.  603  for  dciinitLon 
»  United  Statea  Patent  < 
June  16,  1911. 


ot  these  specific  products. 
»736,  July   4,    1811;   French  Patent  431142, 
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oil  vapor  from  a  fire  still  is  condensed  by  passing  it  through  a 
pipe  having  a  water-jacket  and  the  condensate  is  then  passed  into 
the  first  refining  compartment.' 

The  special  features  claimed  for  the  Trumble  process  are  as 
foliows : 

The  saving  of  heat  in  the  evaporating  chamber  by  means  of 
conical  spreaders  in  the  evaporators,  all  oil  being  forced  to  run 
down  the  inside  surface  of  the  shell,  which  is  heated  on  the 
outside  by  the  escaping  flue  gases. 

The  condensing  of  the  first-run  vapors  and  the  re-evaporation 
of  these  distillates  by  passing  them  through  a  specially  designed 
separator,  which  derives  its  heat  from  the  outflowing  first-run 
vapors. 

The  recovery  of  the  re-evaporated  distillates  from  separate 
compartments  of  the  separator,  thereby  furnishing  finisiied 
products  of  differeDt  gravities. 

Other  topping  processes  and  plants  have  been  devised  by  H. 
G.  Burroughs,^  E.  I.  Dyer,^  and  Brown  and  Pickering.'  For 
detailed  descriptions  of  the  important  topping  plants  of  Cali- 
fornia, the  reader  is  referred  to  the  paper  on  this  subject  by  A. 
F.  L.  Bell  in  the  Bulletin  of  the  American  Institute  of  Mining 
Engineerg,  1915,  No.  105,  1769-99. 

Petroleum  Products  Manufactured  in  the  Mid-Continent 
Field.' — The  following  l"*  a  description  of  such  products  as  are 
now  being  manufactured  in  what  are  generally  known  as  "strip- 
ping plants,"  that  is,  such  plants  as  do  not  produce  lubricating 
oil;  this  descriptive  list  includes  such  products  as  are  made  and 
characterized  by  the  refiners  -generally  in  the  Mid-Continent 
field. 

Benzine. — The  raw  condensate  distilled  from  crude  petroleum, 
including  all  such  condensate  from  the  lightest  fractions  down  to 
about  52''B^,  gravity. 

Gasoline. — The  finished,  steam-refined  product  from  the 
benzine,  including  the  entire  product  from  the  lightest  fractions 
down  to  that  point  wliich  will  yield  a  combined  product  of  about 

'  United  States  Pnteiiis  1002474,  Sept,  5,  1911;  slid  1070361,  Auk.  12, 
1913.  On  the  Thi7MBU5  process,  see  Petrol.  World,  1916,  178;  and  Mining 
Bng.  Witrld,  43,811. 

»  United  States  Patent  998837,  July  25,  1911. 

'  See  Bell,  dt.  aupra. 

'  The  information  included  io  this  section  was  secured  by  careful  inquiry  of 
tiie  compuiiea  operating  in  the  Mid-Continent  field. 


^^ 


J 
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60®B^.  gravity.  Three  grades  of  gasoline  are  generally  produced 
in  Kansas  and  Oklahoma:  68**-70**,  64**-66°,  and  60**-^l^B«.; 
the  last  two  grades  are  ordinarily  put  out  for  use  in  automobiles. 

Naphtha. — That  portion  of  the  steam-refined  benzine  of  gravity 
heavier  than  gasoline,  including  all  the  product  from  the  highest 
products  following  those  cut  into  gasoline  down  to  the  heaviest 
products  which  come  over  into  the  worm  free  from  the  greasy 
kerosene  fractions,  and  showing  a  gravity  of  from  50°  to  58°B€. 

The  Coffeyville,  Kansas,  refineries  produce  the  following 
grades  of  naphtha: 

64°--56°  Naphtha. — ^A  light  naphtha,  or  heavy  gasoline,  used 
largely  in  the  paint  trade  and  by  dry  cleaners. 

50°-52°  Naphtha. — A  heavier  cut,  sometimes  used  in  the  place 
of  54°--56°  naphtha. 

49°  Naphthay  or  Turpentine  Substitute. — This  grade  of  naphtha 
is  said  to  be  largely  used  by  varnish  makers  in  place  of  turpentine. 

Kerosene  is  usually  cut  from  about  the  fraction  showing  a 
gravity  of  52°B6.  down  to  that  having  a  gravity  of  36°B6.,  the 
lowest  point  for  good  color  and  freedom  from  such  fractions  as 
would  show  a  wax  cloud  at  a  temperature  of  0°F.  or  viscous 
portions  which  would  prevent  free  flow  through  a  lamp  wick. 
These  condensates  are  chemically  treated  with  sulphuric  acid 
and  caustic  soda. 

The  following  grades  of  kerosene  are  produced  from  Kansas 
petroleum: 

44—46°  Kerosene. — The  highest  grade  kerosene,  composed  of 
the  lighter  portions  of  the  kerosene  distillate. 

43°-44°  Kerosene. — ^An  intermediate  grade. 

40°-42°  Kerosene. — ^The  ordinary  grade  of  kerosene  put  out  in 
tank  wagons. 

Power  Distillatey  Kerosene  Distillatej  and  Petroleum  Dis- 
tillate.— The  untreated  condensates  as  described  under  kerosene 
and  in  addition  thereto  still  heavier  distillates  down  to  fractions 
as  low  as  about  28°B6.;  these  distillates  (especially  that  of 
gravity  39°  to  40°B6.)  are  used  as  fuel  in  internal  combustion 
engines,  different  grades  being  used  in  various  types  of  engines. 
They  are  also  used  for  gas-making  purposes,  the  gravity  of  the 
oils  being  determined  by  the  requirements  of  the  user.  A 
product  of  Kansas  petroleum,  termed  Gas  Oily  which  is  used  in 
the  manufacture  of  gas,  has  a  gravity  of  34°  to  36°B6. 
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Fuel  Oil. — An  indefinite  term,  properly  used  to  describe  any 
product  of  petroleum  used  for  the  production  of  power  or  heat, 
ranging  from  the  distiUate  aeries  down  to  and  including  any 
product  which  can  be  made  liquid  by  steam  heat  and  for  which 
no  better  market  outlet  can  be  obtained.  There  are  no  fixed 
specifications  for  Mid-Continent  fuel  oil,  each  user  being  guided 
by  his  own  peculiar  needs  and  facilities;  it  must  not,  however, 
contain  gasoline,  and  many  consumers  require  that  it  be  of  such  a 
consistency  that  it  can  be  pumped  through  pipes  and  burners. 

Residuum  {Petroleum  Tailings). — Any  residue  left  in  a  still 
after  the  usual  process  of  distillation  has  been  completed;  more 
properly,  the  residue  of  crude  oil,  rather  than  the  residue  from  the 
redistilled  condensates. 

AsphaU  (Liquid  AspkaU). — The  residuum  from  asphalt-base 
crude  oil;  it  is  of  many  grades,  consistencies  and  melting  points, 
according  to  the  needs  of  the  user.' 

Road  0(7,— An  indefinite  trade  name  covering  grades  of  oil, 
ranging  from  34°B^.  distillate,  used  for  sprinkling  playgrounds, 
etc.,  as  a  dust  preventative,  down  to  an  asphalt,  solid  at  60°F., 
depending  entirely  on  the  needs  of  the  user  and  the  conditions 
under  which  it  is  to  be  applied. 

The  following  grades  of  road  oil  are  produced  from  Kansas 
petroleum:  24''-25''B(5.  oil,  a  light  grade,  used  largely  as  a  dust 
settler;  22''-23°B6.  oil,  an  Intermediate  grade;  and  20''-21''B^. 
oil,  a  heavy  road  oil  or  binder,  used  on  macadam  and  dirt  roads. 

One  prominent  Oklahoma  refining  company  markets  the 
following  road  oils: 

30''-34''  Road  OiJ.— This  product  showed  a  flash-point  (N.  Y. 
oil  tester)  of  250^.,  a  fire-point  of  SOCF.,  a  viscosity  at  60°F. 
(Engler)  of  132  sec.,  and  1.1  per  cent,  evaporation  after  5  hr. 
at  212°F. 

26°-30°  Oil. — An  examination  of  this  product  showed  a  flash- 
point of  330°F.,  a  fire-point  of  SOCF.,  a  viscosity  at  GOT.  of 
563  sec,  and  0.2  per  cent,  evaporation  after  5  hr.  at  212°F. 

24"-26°  Oil. — ^This  usually  possesses  a  flash-point  of  160°F.,  a 
fire-point  of  220°F,,  a  viscosity  at  77°F.  of  715  sec.,  4,38  per  cent. 
evaporation  after  5  hr.  at  212''F.,  1.5  per  cent,  of  fixed  carbon, 

'The  marketed  production  of  oil  asph&lt  derived  from  wttroleum  of  do- 
mestic origin  in  I9I6  amounted  to  688,334  short  tons.  The  quantity  of  oil 
aspKnIt  from  Mexican  petroluum  manufactured  wholly  Within  the  United 
States  in  1910  was  572,387  short  tons. 
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and  an  asphaltic  content  of  40  per  cent.  (100  penetration  at 

77**F.). 

20^-22**  CHI. — ^An  analysis  of  this  product  gave  a  flash-point  of 
350°F.,  a  fire-point  of  400^F.,  a  viscosity  at  212*T.  of  120  sec., 
no  evaporation  after  5  hr.  at  212*^.  and  3.38  per  cent,  evapora- 
tion after  5  hr.  at  325^F.;  2.5  per  cent,  of  fixed  carbon,  and  an 
asphaltic  content  of  54  per  cent. 

18°-20**  Oil. — ^A  sample  of  this  oil  showed  a  flash-point  of 
420°F.,  a  fire-point  of  530**F.,  a  viscosity  at  212**F.  of  276  sec, 
0.45  per  cent,  evaporation  after  5  hr.  at  325**F.,  3.9  per  cent, 
of  fixed  carbon,  and  an  asphaltic  content  of  77  per  cent. 

16^-18°  (HI. — An  analysis  of  this  product  gave  a  flash-point  of 
410°F.,  a  fire-point  of  540°F.,  a  viscosity  at  212°F.  of  320  sec., 
0.65  per  cent,  evaporation  after  5  hr.  at  325°F.,  4.4  per  cent,  of 
fixed  carbon,  and  an  asphaltic  content  of  81  per  cent. 

The  same  company  also  produces  11°-14°B6.  and  14°-16°B€. 
flux  oils. 

The  following  grades  of  lubricating  oils  are  produced  at  certain 
refineries:^  auto  oil  (usually  of  450°F.  fire  test);  gas  engine 
oily  a  heavy  red  oil  of  450°F.  fire  test;  red  engine  oil  (usually  of 
450°F.  fire  test);  cylinder  oil  of  about  600°F.  fire  test;  harvester 
oil,  a  product  of  high  fire  test  and  viscosity  which  is  sometimes 
compounded  with  graphite  for  use  on  heavy  engines  and  farm 
machinery;  cos/or  machine  oil,  for  use  on  harvester  and  farm 
machinery;  cream  separator  oil  (over  300°F.  fire  test);  and 
floor  oil. 

The  Value  of  Oklahoma  Petroleum.* — Notwithstanding  the 
fact  that  Oklahoma  is  one  of  the  principal  oil-producing  areas  in 
the  world,  very  little  work  relating  to  the  character  of  its  oils 
has  been  reported  in   the   literature.     David   T.   Day,  of  the 

*  The  following  is  a  list  of  Mid-Continent  refineries  having  lubricating 
plants  in  1916:  Great  Western  Oil  Refining  Company,  Erie,  Kan,  Kansas 
City  Refining  Company,  Kansas  City,  Kan.  Kansas  Co-operative  Refin- 
ing Company,  Chanute,  Kan.  National  Refining  Company,  CoflfeyviUe, 
Kan.  Cudahy  Refining  Company,  CofTcyville,  Kan.  Petroleum  Products 
Company,  Independence,  Kan.  Muskogee  Refining  Company,  Muskogee, 
Okla.  American  Refining  Company,  Okmulgee,  Okla.  Milliken  Refining 
Company,  Vinita,  Okla.  Consumers'  Refining  Company,  Cushing,  Okla. 
Ponca  Refining  Company,  Ponca  City,  Okla.  Cosdcn  &  Co.,  Tulsa,  Okla. 
Magnolia  Petroleum  Company,  Fort  Worth,  Tex. 

*See  BuTTRAM,  BuU.  18,  Okla.  Geol.  Survey  ^  1914,  52;  and  "Conditiona 
in  the  Healdton  Oil  Field,*'  Bureau  of  Corporations,  Washington,  D.  C,» 
1915. 
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Table  XLIIL — Coicpabatiyb  Value  of  GusmNOy  Glenn  Pool,  and  Avebp 

AGE  Oklahoma,  and  Electra  (Tex.)  and  Mansfield  (La.)  Gritde 

Oils,  as  Detbrshned  bt  Regular  Refinery  Operations 

(Based  upon  1  Bbl.  of  42  Gal.  of  Crude)  ^ 


Crude  oil  and  product 

Per  cent, 
yield 

Gallons 

Price  per 
gallon 

Amount 

Eleotra  Crude:* 

GMoline 

22.89 
2.81 

25.87 
9.33 

36.77 
2.33 

9.61 

1.18* 
10.87 

3.92 
15.44 

0.98 

to. 07081 
0.05766 
0.04796 
0.04500 
0.01875 

to. 68048 

Knpne  naphtha 

0.06804 

Kerosene 

0.52133 

Oaa  oil 

0.17640 

Fuel  oil 

0.28950 

Loss 

Total 

100.00 

42.00 

$1.73575 

Mansfield  Crude  :^ 
Gasoline 

10.00 
55.00 
20.00 
13.00 
2.00 

4.20 
23.10 
8.40 
5.46 
0.84 

$0.07081 
0.04796 
0.04500 
0.01875 

$0.29740 

Kerosene 

1 . 10788 

Gas  oil 

0.37800 

Fuel  oil 

0.10238 

Loss 

Total 

100.00 

42.00 

$1 . 88566 

Glenn  Pool  Crude  :^ 

17.69 

17.28 

60.64 

4.39 

7.43 

7.26 

25.47 

1.84 

10.07081 
0.04796 
0.01875 

$0.52612 

■  Kerosene 

0.34819 

Fuel  oil 

0.47756 

Loss 

ToUl 

100.00 

42.00 

$1.35187 

Cushing  Crude  :^ 

30.90 
25.00 
15.00 
27.00 
2.10 

12.98 
10.50 

6.30 
11.34 

0.88 

10.07081 
0.04796 
0.04500 
0.01875 

$0.91911 

Kerosene 

0.50358 

Gas  oil 

0.28350 

Fuel  oil 

0.21263 

Loss 

100.00 

42.00 

$1.91882 

Average  Oklahoma  Crude:' 
Gasoline 

19.52 
18.13 

2.41 
58.33 

1.61 

8.20 
7.61 
1.01 
24.50 
0.68 

10.07081 
0.04796 
0.04500 
0.01875 

$0.58064 

Kerosene 

0.36498 

Gas  oil 

0.04545 

0 . 45938 

Loss 

Total 

100.00 

42.00 

$1.45045 

•  Yields  shown  by  refinery  runs  at  the  Fort  Worth  refinery  of  the  Pierce-Fordyce  Oil 
Association. 

^  Yields  shown  by  refinery  runs  at  the  Beaumont  refinery  of  the  Magnolia  Petroleum 
Company.  • 

'  Yields  shown  by  refinery  runs  at  refineries  located  in  Oklahoma  and  Kansas. 

^  "Conditions  in  the  Healdton  Oil  Field/*  Bureau  of  Cor];>orations,  Washington,  D.  C.» 
Iflf. 
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United  States  Geological  Survey,  was  the  only  one,  iintil 
recently,  who  had  published  any  extensive  results.  His  samples 
were  collected  in  the  spring  of  1908  and  therefore  do  not  include 
the  Gushing  oils.  In  1914,  however,  the  Gorporation  Com- 
mission of  Oklahoma  decided  that,  in  view  of  the  rapid  reduc- 
tion of  the  market  value  of  crude  oil  by  the  Prairie  Oil  and 
Gas  Gompany  and  other  corporations,  it  should,  among  other 
things,  attempt  to  regulate  the  price  of  this  commodity.  In 
order  to  carry  out  their  plans  intelligently,  the  Gommission 
asked  I.  G.  Allen,  an  oil  chemist  of  the  United  States  Bureau 
of  Mines,  to  analyze  samples  of  oils  from  the  different  fields  in 
the  State. 

The  results  obtained  by  Allen  were  as  follows: 

Table  XLIV. — Comparativb  Analyses  of  Oklahoma  Oils 


(1) 

Oklahoma 

poob. 

Average  of 

139,  excluding 

(2\  (3)  and 

(4) 


(2) 

CuBhing 

pool. 

(Bartlesville 

sand  only). 

Composite 

of  6  samples 


(3) 

Boston 

pooL^ 

Composite 

of  5  samples 


Ilealdton 

pooL 
Average  of 
20  samples 


Specifio  gravity  at  15**C 

Corresponding  gravity,  Bauiii6. 

Calories  per  gram 

B.t.u.  per  pound 

Viscosity  at  20**C.  (Engler) . . . . 

Water,  per  cent 

Sulphur,  per  cent 

Gasoline,  per  cent. 

By  weight*. 


By  volume,  or 
By  weight 


By  volume 
Kerosene,  per  cent. 
By  weight 


By  volume,  or 

By  weight 

By  volume. . . . 


Lubricants,  per  cent. 
By  weight 


By  volume,  or 
By  weight 


Residue,  per  cent. 

By  weight 

Loss 

By  weight 


ToUl. 


0.8544 
33.96 
10.870.0 
19.567.0 

3.9 

0.0 

0.23 

8.1 
(59.6°B^.) 

9.4 

13.8 

(56.3°B«.) 


38.5 
(42.2''B^.) 

40.5 

40.5 

24.2 
(42.1''B6.) 

26.1 
(29.1°B6.) 

25.3 

34.7 
(30.0''B«.) 

25.6 

0.8 


0.8190 
46.94 
10.976.0 
19.756.0 
1.3 
trace 
0.22 

25.8 
(58.5°B6.)» 


32.9 
(55.4**B4.)i 


32.0 
(42.2''B4.)» 


0.8330 
38.07 
10,927.0 
19,661.0 

1.5 

0.1 

0.15 

18.7 
(68.6'»Bfi.)» 


26.6 
(65.4°B«.)» 


32.8 
(42.2°B«.)i 


20.4 
(41.7''B6.)» 

23.2 
(29.5°B6.)i 


22.1 
(41.7''B6.)» 

29.5 
(29.5*B6.)» 


27.7         I         32.4 
(31.7°B4.)i      (31.7°BO* 


17.5 


1.5 


100.0 


100.0 


16.8 


2.2 


0.866« 
31.67 
10,786.0 
19,414.0 
3.0 
trace 
0.70 

6.0 

(67.7«*B«.) 

7.0 

11.2 

(64.4<*B4.) 


28.8 

(42.2<*B4.) 

30.7 

20.2 
(41.3<*B4.) 

29.7 
(29.9«B4.) 

29.4 

33.1 
(33.4*B«.) 

34.4 

1.1 


100.0 


100.0 


1  Estimated. 
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H.  H.  Willock,  of  Pittsburgh,  Pa.,  made  the  following  report  to 
the  Corporation  Commission  on  the  values  of  the  Cushing  crude 
as  compared  to  thos^  of  the  Pennsylvania  crude: 

"As  near  as  I  could  figure,  the  values  of  the  products  from  Pennsyl- 
vania and  Cushing  crudes,  based  on  the  comparative  run  made  by  the 
Wells  Refining  Oil  Process  Company,  would  be  as  follow^: 

Pennsylvania  Oil 

Gasoline 66.2;  25  gal.  at  $0.12 $3.00 

Turpentine  substitute 51 .9,  15  gal.  at    0.08K 1 .28 

Kerosene 45.7,  15  gal.  at    0.05 0.76 

300**  oil 40.3,  15  gal.  at    0.05 0.75 

Non-viscous  neutral  oil 35.5,  12  gal.  at    0.04J^ 0.64 

Viscous  neutral  oil 31 .0,    8  gal.  at    0. 12 0.96 

Steam-refined  cylinder  stock 25.0,    8  gal.  at    0. 12 0.96 

Refined  paraffin  wax 2  gal.  at    0.25 0.50 


Total 100  $8.74 

6  per  cent,  gallonage  loss  in  manufacture 0.44 


Total  value  of  products » $8.30 

CusmNQ  Oil 

Gasoline 65 . 7,  30  gal.  at  $0 .  12 $3.60 

Turpentine  substitute 48.2,  20  gal.  at    0.08M 1 .70 

Kerosene 40.1,  15  gal.  at    0.03 0.46 

Gasoa 34.6,  15  gal.  at    0.02 0.30 

Viscous  neutral  oil 28.0,  10  gal.  at    0.10 1.00 

Steam-refined  cylinder  stock 24.0,    6  gal.  at    0.08 0.48 

Refined  paraffin  wax J^  gal.  at    0 .  25 0.13 

Asphalt 3Hgal.  at    0.06 0.21 


Total 100  $7.87 

6  per  cent,  gallonage  loss  in  manufacture 0 .  39 


Total  value  of  products $7 .  48 

"You  will  note  from  the  above  figures  that  the  products  from  100  gal. 
of  Pennsylvania  oil  only  exceed  in  value  the  products  of  a  like  number  of 
gallons  of  Cushing  crude  oil  by  82  cts.,  or,  in  other  words,  that  Pennsyl- 
vania oil,  from  a  refining  standpoint,  is  worth  only  approximately  10 
per  cent,  more  than  the  Cushing  oil,  although,  at  the  present  time,  with 
Cushing  oil  selling  at  75  cts.  and  Pennsylvania  oil  at  $1.90  at  the  wells, 
the  price  of  Pennsylvania  oil  is  over  two  and  one-half  times  that  of 
Cushing  oil." 
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The  following  tests  made  on  Gushing  crude  oil  also  give  an 
idea  of  the  character  of  the  petroleum.^ 

Result  of  a  Test  Run  on  30,000  Gal.  of  40.0''B£.  Cubhing  Crude,  fboh 
Bartlesville,  Wheeler,  and  Latton  Sands 

Crude  benzine 36.0 

80  per  cent,  of  this,  if  rerun,  would  be  finished  60  per  cent,  gasoline. 

Kerosene 20.0 

Gas  oU ; 10.0 

Wax  distillate 21 .0 

Residuum 9.0 

Layton  crude  of  43.6**B6. 

Gasoline,  OO'*  to  61**  gravity 60.0 

Water-white,  40^  to  41°  gravity 12.5 

Residuum  or  road  base 33 . 5 

Loss 4.0 

Test  op  580  Bbl.   op  Gushing  Crude   (40°Bfi.)   From  Bartlesville, 

Wheeler,  and  Layton  Sands 

207.54  bbl.  crude  benzine,  or  35.78  per  cent. 
96.66  bbl.  water-white  distillate,  or  16.67  per  cent. 
177.68  bbl.  wax  distillate,  or  30.64  per  cent. 
70.37  bbl.  residuum,  or  13.51  per  cent. 
19.7  bbl.  loss,  or  3.4  per  cent. 

Wheeler  Crude  (41.5**B6.) 

Gasoline,  60**  to  61^  gravity 37.5 

Water-white,  40**  to  41*  gravity 21 .0 

Wax  distillate 26.0 

Tar,  or  heavy  residuum 12 . 0 

Loss 5.5 

Records  obtained  from  the  Superintendent  of  Cosden  &  Company,  Tulsa, 
Oklahoma. 

J.  E.  Ellis,  Superintendent  of  the  Gushing  Refining  Company 
at  Gushing,  in  discussing  the  crude  oils  of  the  Gushing  fields, 
stated  that  the  average  gravities  of  the  Layton,  Bartlesville,  and 
Wheeler  crudes  received  at  his  refinery  are  about  41^,  40.5**, 
and  38^  to  39°B6.,  respectively.  The  tests  at  his  plant  also 
show  that  the  Layi^on  crude  is  slightly  better  than  Bartlesville 
crude,  inasmuch  as  it  yields  about  5  per  cent,  more  benzine; 
but,  since  this  is  really  the  only  difference,  they  have  practically 
the  same  value.    In  general,  the  Wheeler  crude  proves  to  be  of  a 

*  BXJTTRAM,  loC.  cU.f  58. 
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Magnolia  Pbtroleum  Coicpant'b  Statement  of  Compabatzyb 
Rehning'  Co9ts  (Figures  Taken  From  Cobsicana 
Refinery  Monthly  Statements) 
March,  1014 

Electra  crude  run,  gallons 2,225,201 

Corsioana  light  crude  run,  gallons 258,203 

Total  crude  run 2,483,404 

Refined  oil  and  naphtha  cut  from  total  crude  run: 

Refined  oil,  gallons 760,966 :  30.64  per  cent. 

Naphtha,  gallons 640,598: 25.80  per  cent. 

Ck)st  of  distillation,  $7,907.37 

Ck)st  of  distilling  1  gal $0.005641 

Cost  of  treating  1  gal 0.001885 

Ck)st  of  steamHsitilling  1  gal 0.000404 

Total  manufacturing  cost  1  gal.  refined  oil 
and  naphtha • $0.007930    $0.007930 

April,  1914 

Electra  crude  run,  gallons 90,707 

Healdton  crude  run,  gallons 4,097,904 

Gorsicana  light  crude  run,  gallons 74,198 

Total  crude  run 4,262,809 

Refined  oil  and  naphtha  cut  from  total  crude  run: 

Refined  oil,  gallons 917,190: 21.52  per  cent. 

Naphtha,  gallons 565,278: 13.26  per  cent. 

Total  cuts 1,482,468 

Cost  of  distaiation,  $9,318.59. 

Ck)8t  of  distilling  1  gal $0.006285 

Cost  of  treating  1  gal 0.001865 

Cost  of  steam-stilling  1  gal 0.000480 

Total  manufacturing  cost,  1  gal.  refined  oil 
and  naphtha $0.008630 

The  917,190  gal.  refined  oil  shown  above  were 
pumped  to  Beaumont  and  rerun  and  treated  again 
at  an  estimated  cost  of  $4,585.95.  This  amount 
figured  against  the  total  cuts  shown  above, 
1,482,468  gal 0.003093 

Or  a  total  manufacturing  cost  per  gallon  of  product 
of $0.011723    $0.011723 

Difference  in  cost,  March  and  April $0.003793 

This  difference  was  said  to  be  equal  to  the  cost  of  removing  the  sulphur 
from  1  gal.  of  refined  product  from  Healdton  crude. 
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slightly  lower  grade  of  oil  than  the  Layton  and  Bartlesville 
crudes.  Again,  the  Layton  and  the  Bartlesville  oils  are  usually 
of  a  light  green  color,  while  the  Wheeler  usually  has  a  darker 
shade  of  green  than  that  of  the  other  two  oils. 


Table  XLV. — Statement  of  the  Magnolia  Petroleum  Company,  Show- 
ing AN  Experiment  with  1  Bbl.  op  Healdton  Crude  for  tece 
Purpose  of  Determining  if  Engine  Oils  can  be  Manu- 
factured Therefrom 

1  Bbl.  Healdton  Crude  for  Coraicana,  Gravity  30.6°B6. 


Tempera- 

Cuts 

Per 

cent. 

ture 

Gravity 
*B6. 

Chill 

Still 

Vapor 

1 

2.5 

360 

260 

61.0 

Naphtha,  7\^  per  cent. 

2 

2.5 

390 

290 

68.1 

Naphtha,  7Vi  per  cent. 

3 

2.5 

420 

330 

55.2 

Naphtha.  7^i  per  cent. 

I^ght  end,  common  oil,  2^^  per  cent. 

Water-white  stock,  15  per  cent. 

4 

2.6 

450 

360 

51.6 

5 

2.5 

470 

380 

48.7 

•    •   •    •   • 

6 

2.5 

500 

400 

46.8 

Water-white  stock.  15  per  cent. 

7 

2.5 

520 

420 

45.1 

Water-white  stock,  15  per  cent. 

8 

2.5 

540 

440 

43.3 

Water-white  stock,  15  per  cent. 

9 

2.5 

560 

460 

41.8 

Water-white  stock,  15  per  cent. 

10 

2.5 

590 

490 

40.5 

Water-white  stock,  15  per  cent. 
Heavy  end,  common  ou,  7\^  per  cent. 

11 

2.5 

600 

510 

39.5 

12 

2.5 

619 

520 

39.0 

Heavy  end,  common  oil,  7M  per  cent. 

13 

2.5 

634 

534 

37.9 

Heavy  end,  common  oil,  7Ji  per  cent. 

14 

2.5 

650 

559 

37.6 

Gas  oil  distillate,  27.6  per  cent. 

15 

2.5 

a 

562 

36.5 

Gas  oil  distillate,  27.6  per  cent. 

16 

2.5 

■a 

563 

36.5 

"ih' 

Gas  oil  distillate,  27.6  per  cent. 

17 

2.5 

a 

665 

36.7 

18 

Gas  oil  distillate,  27.6  per  cent. 

18 

2.5 

M 

570 

36.8 

22 

Gas  oil  distillate,  27.6  per  cent. 

19 

2.5 

M 

571 

36.7 

18 

Gas  oil  distillate,  27.5  per  cent. 

20 

2.5 

■i 

572 

35.6 

26 

Gas  oil  distillate,  27.5  per  cent. 

21 

2.5 

■■ 

573 

34.4 

26 

Gas  oil  distillate,  27.5  per  cent. 

22 

2.5 

a 

589 

34.1 

26 

Gas  oil  distillate,  27. 5  per  cent. 

23 

2.5 

M 

695 

34.5 

26 

Gas  oil  distillate,  27.5  per  cent. 

24 

2.5 

B 

591 

35.2 

26 

Gas  oil  distillate,  27.6  per  cent. 

25 

2.5 

" 

591 

35.2 

28 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

26 

2.5 

■* 

691 

36.5 

32 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

27 

2.5 

■= 

591 

38.5 

40 

30    per    cent,    paraffin    distillate;  gravity 
pour,  40. 

33.1*; 

28 

2.5 

" 

591 

37.5 

32 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

29 

2.5 

™ 

592 

36.5 

70 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

30 

2.5 

"■ 

693 

37.0 

42 

30    per    cent,    paraffin    distillate;  gravity 
pour,  40. 

33.1*; 

31 

2.5 

sa 

693 

37.5 

70 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

32 

2.5 

"■ 

597 

35.3 

82 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

33 

2.5 

" 

600 

32.6 

76 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

34 

2.5 

SB 

600 

32.2 

84 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

35 

2.5 

"* 

600 

32.1 

86 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40. 

33.1*; 

36 

2.5 

"* 

600 

30.9 

90 

30    per    cent,    paraffin    distillate;  gravity, 
pour,  40; 

33.1*; 

37 

2.5 

- 

600 

18.0 

112 

Wax  tailings,  2>1»  per  cent. 

Bot- 

tom 

Coke,  4.72  per   cent.,  13^4  lb.    Loss.  2.78  per  cent. 



The  paraffin  distillate  was  run  in  a  1-bbl.  still;  overhead,  41.07  per  cent.;  gravity,  40°. 
Bottom,  58.93  oer  cent,  heavy  oil  and  paraffin;  gravity  27.0*;  flash,  326*;  ^viscosity,  77; 
pour,  60. 
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Bottom  preMed  oyer  at  40^F.  ■  02.74  per  cent,  lubricating  diatiUate;  gravity,  27.0^; 
flaah,  325**;  vi80oeity,77:  pour,  35. 

Slack  wax,  7.26  per  cent.;  m.p.,  112°F. 

Slack  wax,  treated  with  10  lb.  acid:  sweated  to  m.p.  produced  63  per  cent,  of  foots  oil  and 
37  per  cent,  of  128'*  m.p.  wax. 

The  92.74  per  cent,  lubricating  distillate  gave  the  following: 


Cut 


Per 
cent. 


Tempera- 
ture 


Gravity 


flash 

•F. 


Vis- 
cosity 


Chill 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


5 

600 

31.5 

270 

42 

46 

5 

605 

30.4 

276 

45 

46 

5 

610 

29.6 

275 

49 

48 

5 

*615 

28.1 

280 

54 

46 

5 

620 

27.9 

285 

56 

44 

5 

622 

27.6 

290 

57 

46 

5 

625 

27.4 

300 

59 

48 

5 

628 

27.3 

305 

60 

46 

5 

630 

27.2 

310 

61 

46 

5 

635 

26.9 

315 

62 

46 

5 

630 

26.8 

320 

66 

48 

5 

630 

26.2 

330 

74 

46 

5 

630 

26.1 

335 

82  « 

44 

5 

635 

25.8 

340 

96 

46 

5 

640 

25.4 

345 

96 

46 

All  overhead  cuts  m  xed  for  pale  oil: 

Gravity,  28.2^  B«.:  flash,  310^F.;  viacoe- 
ity,  72;  ohiU,  46«'F. 

Treated  with  10  lb.  66*'  sulphuric  acid: 
gravity,  28.2^  B6.;  flash,  310**F.;  viscoa- 
ity,  60;  chill.  50°F.;  color,  890. 


Bottom,  25  per  cent.;  gravity,  22.3^  B6.;  flash,  390^F.;  viscosity,  189;  pour,  35.  (Color, 
A  Re(d)). 

Treated  with  15  lb.  of  66<*  acid  -  gravity,  22.4<*  B6.;  flash.  390.0°F.;  viscosity,  142;  chill, 
46»F. 

Paraffin  distillate  worked  up  -■  12.30  per  cent,  of  overhead  of  h.o.  and  p.  12.30  per  cent, 
pale  oil,  4.10  per  cent,  red  oil,  0.82  per  cent,  foots  oil,  0.48  per  cent,  finished  wax. 

Note. — Yidd  of  Healdton  crude  oil,  shown  in  percentages  of  the  volume  of  the  crude 
refined: 

Per  cent. 

Naphtha 7.50 

W.  W.  160** 15.00 

Common  oil 10 .  00 

Gas  oU 12.32 

Foots  oil 0.81 

Pale  oil 12.30 

RedoU 4.10 

Finished  wax 0.47 

Fuel  oil 27.50 

Wax  tailings 2.50 

Coke 4.72 

Loss 2.78 


100.00 


Table  XL VI. — Mid-Continent  Refineries  and  Their 

Investment  (1915) 

KANSAS 

Name  of  company  and  year  built 

Miller  Petroleum  Refining  Co.,  Humboldt,  1906 

Kansas  City  Refining  Co.,  Kansas  City,  1906 

Eastern  Kansas  Oil  Co.,  Moran,  1905 

Chanute  Refining  Co.,  Chanutc,  1907 

y^ni|ftg  Co-operative  Refining  Co.,  Chanute,  1906 


Total  in- 
vestment 

$73,626 

250,000 
300,000 
300,000 
200,000 
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Tablb  XLVI. — Mid-Continent  Refinkbies  and  Their 
Investment  (1015). — Continued 

KA.NSAS 

Name  of  company  and  year  built  wStm^rt 

Great  Western  Oil  Refining  Co.,  Erie,  1906 754,000 

Kansas  Oil  Refining  Co.,  Coflfeyville,  1906 300,000 

Niotaze  Refining  Co.,  Niotaze,  1906 275,000 

Cudahy  Refining  Co.,  Coflfeyville,  1908 1,400,000 

National  Refining  Co.,  Coflfeyville,  1907 500,000 

Uncle  Sam  Oil  Co.,  Cherryvale,  1906 126,000 

Petroleum  Products  Co.,  Independence,  1910 2,600,000 

Kanotex  Refining  Co.,  Caney,  1906 660,000 

Kansas  Crude  Oil  Co.,  Chanute,  1909 12,000 

Lesh  Refining  Co.,  Arkansas  City,  1914 30,000 

Rollin  Oil  Refinerj-,  RoUin,  1908 20,000 

Wichita  Refining  Co.,  Wichita,  1914 10,000 

Hutchinson  Refining  Co.,  Hutchinson,  1915 6,000 

Rosedale  Refining  Co.,  Rosedale,  1916 25,000 

OKLAHOMA 

Cudahy  Refining  Co.,  Muskogee,  1905 $95,000 

Muskogee  Refining  Co.,  Muskogee,  1906 350,000 

American  Refining  Co.,  Okmulgee,  1906 683,100 

Oklahoma  Refining  Co.,  Oklahoma  City,  1906 280,667 

Uncle  Sam  Oil  Co.,  Tulsa,  1906 50,000 

Sapulpa  Refining  Co.,  Sapulpa,  1908 749,907 

Indiahoma  Refining  Co.,  Okmulgee,  1910 1,258,000 

MiUiken  Refining  Co.,  Vinita,  1910 1,300,000 

Constantin  Refining  Co.,  Tulsa,  1911 400,000 

Webster  Refining  Co.,  Coalton,  1911 16,000 

Consumers'  Refining  Co.,  Cushing,  1912 464,791 

Consumers'  Refining  Co.,  tank  cars. 300,000 

Consumers'  Refining  Co.,  pipe  lines 100,000 

Ponca  Refining  Co.,  Ponca  City,  1912 600,000 

Cushing  Refining  Co.,  Cushing,  1913 446,000 

Cosden  &  Co.,  Tulsa,  1912 1,500,000 

Cosden  &  Co.,  Cushing,  1911 100,000 

Cosden  &  Co.,  Bigheart,  1908 80,000 

Consolidated  Oil  Refining  Co.,  Cleveland,  1913 100,000 

Phoinix  Refining  Co.,  Sand  Springs,  1913 300,000 

Pierce  Oil  Corporation,  Sand  Springs,  1913 600,000 

Texas  Company,  Tulsa,  1913 1,200,000 

Chanute  Refining  Co.,  Cushing,  1914 600,000 

Ardmore  Refining  Co.,  Ardmore,  1914 100,000 

Illinois  Oil  Refining  Co.,  Cushing,  1914 65,000 

Peerless  Oil  Refining  Co.,  Cushing,  1914 600,000 

HUlman  Refining  Co.,  Cushing,  1914 12,000 

Continental  Refining  Co.,  Bristow,  1914 20,000 

Webster  OH  and  Gasoline  Co.,  Yale,  1915 17,030 
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Table  XLVI. — Mid-Continent  Refineries  and  Their 
Investment  (1015). — CarUinued 

OKLAHOMA 

Name  of  company  and  year  built  v^tment 

International  Refining  Co.,  Cushing,  1015 200,000 

Sun  OH  Co.,  Yale,  1915 100,000 

North  American  Refining  Co.,  Pemeta,  1915 150,000 

Capital  Refining  Co.,  Oklahoma  City,  1915 20,000 

Crystal  White  Refining  Co.,  Allen,  1915 10,000 

Southern  Oil  Corporation,  Yale,  1915 60,000 

Portland  -Oil  and  Refining  Co.,  Okmulgee,  1915 10,000 

OTHER  STATES 

Indiahoma  Refining  Co.,  East  St.  Louis,  111.,  1907 $100,000 

Consolidated  Oil  Refining  Co.,  East  St.  Louis,  III.,  1909 50,000 

Consolidated  Oil  Refining  Co.,  East  St.  Louis,  111.,  1915 35,000 

Wilhoit  Refining  Co.,  Joplin,  Mo.,  1913 120,000 

St.  Joseph  Refining  Co.,  St.  Joseph,  Mo.,  1915 15,000 

Magnolia  Petroleum  Co.,  Fort  Worth,  Tex.,  1914 457,840 

Producers'  Refining  Co.,  Gainesville,  Tex.,  1915 683,000 

Total  investment $22,006,761 

Table  XL VII. — Standakd  Oil  Company  Plants  Using  Mid-Continent 

Crude 

Barrels 
daily 

Standard  Oil  Co.,  Neodesha,  Kan 7,500 

Standard  Oil  Co.,  Sugar  Creek,  Mo 12,500 

Standard  Oil  Co.,  Baton  Rouge,  La 12,000 

Standard  Oil  Co.,  Wood  River,  111 12,500 

Standard  OU  Co.,  Whitmg,  Ind 30,000 

The  Products  of  California  Petroleum. — The  petroleum  prod- 
ucts manufactured  in  the  California  field  are  given  in  the  ac- 
companying list  of  the  refineries  of  that  State. 

The  customary  trade  names  of  the  products  of  California 
petroleum,  are  thus  defined  by  the  General  Petroleum  Company: 

Gasoline. — This  is  usually  of  60°B6.  gravity. 

No,  1  To'ps. — This  includes  gasoline  stock  and  is  of  55®B6. 
gravity. 

No.  1  Engine  Distillate,  which  possesses  a  gravity  of  50°B6. 

No.  2  Engine  Distillaie,  which  is  water-white  to  light  amber 
in  color  and  has  a  gravity  of  45°B6. 

Kerosene  Stock,  amber  in  color  and  of  40®  to  42°B6.  gravity. 

Stove  Distillate,  dark  in  color  and  of  30®  to  34°B6.  gravity. 

Orchard  Heating  (HI  {Smudge  (HI). — ^A  dark  product  of  26^ 
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to  28**B6.  gravity,  used  in  the  orange  and  lemon  groves  to  prevent    \ 
frost  from  damaging  the  trees. 

Fitel  Oil. — This  product  usually  has  a  gravity  of  17®B6.  and  a 
flash-point  of  160®F.,  and  contains  about  30  per  cent,  of  asphalt* 

The  following  information  regarding  certain  commercial  uses 
of  California  fuel  oil,  is  of  interest  in  this  connection.^ 

Fuel  Oil  on  Railroads. — Doubtless  the  largest  consumption  of 
California  fuel  oil  is  by  the  railroads.  In  1913,  the  Southern 
Pacific  alone  burned  about  32,000  bbl.  daily,  according  to  evi- 
dence presented  to  the  California  Railroad  Commission,  and  the 
expectation  is  that  each  year  will  see  this  figure  increased  by 
2,000  to  2,500  bbl. 

Heating  value  tests  on  745  locomotives  show  1  ton  (2,000 
lb.)  of  ordinary  bituminous  coal  (13,350  B.t.u.)  equal  to  3.62 
bbl.  of  oil,  arid  on  eleven  steamboats  running  six  months  3.49  bbl.* 

Consumption  in  running  over  the  Sierra  Nevada  Mountains 
was  from  35  to  49  gal.  per  1,000-ton  miles.  Usually  the  oil  is 
14°  to  15°B6.,  but  the  specifications  are  very  broad,  covering 
the  five  following  points:  (1)  Viscosity,  such  as  to  flow  freely 
through  a  4-in.  pipe  at  70°F.;  (2)  water  content,  less  than  2 
per  cent.,  using  gasoline  in  the  testing  machine;  (3)  flash,  less 
than  110*^  Tagliabue;  (4)  temperature  standard,  60°F.,  with  a 
correction  of  1  per  cent,  for  every  25°F.;  (5)  gravity,  14°  to  29°B6. 

Oil  for  Gas  Generation. — On  the  list  of  large  consumers  of 
crude  oil  the  gas  manufacturers  stand  near  the  head.  There  were 
56  gas  plants  using  oil  as  early  as  1910.*  The  rate  of  consump- 
tion per  thousand  feet  of  gas  generated  is  8.13  to  8.55  gal.,  about 
15  per  cent,  to  16  per  cent,  of  that  amount  being  consimied  as 
fuel  for  the  retorts.  The  most  suitable  oil  is  said  to  be  of  the 
gravity  14°  to  17°B6.,  with  less  than  1  per  cent,  sulphur. 

Panama  Canal. — The  Panama  Canal  construction  consumed 
considerable  oil,  a  six-year  contract  having  been  made  in 
1909  with  the  Union  Oil  Company  at  $1.10,  the  monthly  de- 
liveries being  30,000  to  60,000  bbl.  At  such  a  price  the  oil  was 
said  to  be  cheaper  than  Pocahontas  coal  at  $6.24. 

Displacement  of  Coal. — The  amount  of  coal  imported  and  used 
in  California  has  declined  greatly  since  the  year  1900,  when  the 

1  Bull.  69,  Cal.  State  Min.  Bur.,  1914,  83.     See  also  Re-port  No.  291  (1, 
285  et  seq.)  of  the  Mines  Branch,  Canada  Deyt.  of  Mines. 
*Stillman,  Trans.  Avk  Soc.  Meek.  Eng.,  33  (1911),  887. 
*  Jones,  J.  Elec,  Power  and  Gas,  24,  492. 


REFINERY  TECHNOLOGY  505 

Kern  River  oil  field  was  developed.  The  importation  of  coal  in 
the  year  1S65  was  150,141  tons,  and  the  amount  increased 
steadily  to  1,889,128  tons  in  1900,  when  a  rapid  decline  began 
and  imports  are  now  less  than  500,000  tons.  In  other  words,  oil 
has  actually  displaced  at  least  1,400,000  tons  of  coal,  and  at  the 
rate  at  which  the  importation  steadily  increased  from  1865  to 
1900  (50,000  tons  per  year)  the  imports  would  now  probably 
have  been  2,550,000  tons;  hence  the  displacement  is  probably  as 
high  as  2,000,000  tons  per  year,  or  some  seven  million  barrels  of 
oil  are  being  burned  annually  in  California  in  place  of  coal. 
However,  recent  reports  state  that  the  proportion  of  petroleum 
burned  decreased  from  about  50  per  cent,  in  1912  to  about  25 
per  cent,  in  1914, 

Diesel  Engines. — The  development  of  Diesel  engines  doubtless 
opens  new  fields  for  oil  consumption  and  bids  fair  to  become  a 
very  important  factor.  The  engine  operation  will  not  be  de- 
scribed further  than  to  say  that  fuel  oil  is  sprayed  into  the  cylinder 
and  ignites,  due  to  the  heat  of  the  compressed  Eiir.  The  oil  does 
not  explode,  as  does  gasoline  in  an  engine,  but  simply  ignites  and 
the  combustion  products  expand. 

Fuel  used  for  these  engines,  when  dependent  upon  California 
products,  is  usually  a  treated  oil  turned  out  by  the  refineries,  and 
selling  under  various  trade  names  as  fuel  oil. 

One  of  the  usual  oils  gave  the  following  analysis: 

24*Bfi.  (gpocific  gravity,  0.9091). 

Open  flash,  ISOT. 

Closed  flash,  lesT. 

Burning  point,  235°F. 

Aaphaltum,  25  per  cent. 

Sulphur,  0.75  per  cent. 

British  thermal  units  por  pound,  19,200. 
The  consumption  of  fuel  varies  from  0.525  lb.  to  0.721  lb.  per 
brake  horsepower-hour. 

The  United  States  Bureau  of  Mines  has  dealt  more  fully  with 
the  subject  of  heavy  fuel  oil  for  internal  combustion  engines. 
Technical  Paper  37  of  that  Bureau  shows  that  1  lb.  of  oil  used 
in  a  Diesel  equals  2^  lb.  of  oil  or  4  lb.  of  coal,  used  in  generating 
ateani  for  a  turbine,  to  exert  the  same  power.' 

'  On  the  products  of  combustion  of  fuel  oils,  sec  Repl.  Chicago  Ag»n.  of 
Commnce  Committee  of  Itmea.  on  Smoke  Abatement  and  Blectrificaiion  of 
Railway  Terminals,  1916,  pp.  191-193.  The  subject  of  liquid  fuels  will  be 
ronaiderRd  at  length  hy  the  niithora  in  their  treatise  on  "American  Puds" 
(McOraw-mU  Book  Co.,  IfllBJ. 
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Table  XLVIII. — Galxtobnia  Oil  Refinebies  and  Toppinq  Plants^ 

(Operating  or  Capable  of  Operation  in  1914) 


Location 

Date 
buUt 

C^Munty  per 
month.  Crude, 

barrels. 
Asphalt,  tons 

Stills 

Name 

Num- 
ber 

Sise 
(bsxrds) 

Produota 

• 

Adeline  Oil  Com- 

Maricopa 

1010 

2 

150 

Distillate,  road  oil. 

pany 

American    Orien- 

Martinei 

1004 

1,000  tons 

Distillate,  asphalt. 

tal  Oil  Company 

American  Petro- 

Fellows 

1013 

Continuous  sys- 
tem 

leum  Company 

Amalgamated  Oil 
Company 

Loe  Angeles 

1005 

105.000  bbls. 

3 

300 

Distillate,  road 
oil. 

Aaphaltum    OU 
and         Refining 
Company 

Los  Angeles 

14.000  bbl. 

1 
2 
2 

200 

150 

50 

Kerosene,      distil- 
late,    stove     oil, 
gasoline,  asphalt. 

Associated     Oil 
Company 

Gaviota 

1809 

150.000  bbl. 

0 
3 

220 
200 

Fuel  oil,  gasoline, 
kerosene,  and  dia- 
tillate. 

Associated    Oil 
Company 

Avon 

1013 

360.000  bbl. 

8 

500 

Fuel  oil,  gasoline, 
distillate. 

Atlas  Refinery 

Los  Angeles* 

1000 

30.000  bbl. 
1,400  tons 

2 

1 

300 
265 

Distillate,     road 
oiL 

Barber      Asphalt 
Paving        Com- 
pany 

Los  Angeles 

1800 

30.000  bbl. 
1,400  tons 

3 
3 

300 
150 

Distillate,  asphalt, 
stove  oil. 

• 

Beckett 

Arroyo 
Grande 

• 

Buf^Veye  Refinins 

Bakersfield* 

1001 

Light  oils. 

Company 

California  Fresno 
Oil  Company 

Fresno 

1882 
1000 

100  tons 

4 

• 

75 

Asphalt. 

California  Liquid 
Asphalt       Com- 
pany 

Hadley 

1,000  tons 
13.000  bbl. 

2 

I 

100 
250 

Distillate,    kero- 
sene,   gasoline, 
and  asphalt. 

^  On  the  refining  of  California  petroleum,  see  Stableb,  Col.  Derrick^  •  (1014),  Noa.  1  and 
2;  Howard.  Western  Eng.,  1  (1013).  223;  Robinson^  ibid.,  8  (1013),  47;  and  BuU.  No.  ••• 
Cal.  State  Min.  Bur.,  1014.  On  methods  for  removfug  light  oils  from  crude  oils,  see  CaL  OQ 
World,  t.  No.  42.  11;  and  Bell.  op.  cit. 

*  Leased  to  Union  Oil  Company. 

*  Leased  to  National  Oil  Refining  and  Manufacturing  Company. 
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Tabus  XLVIII. — California  Oil  Rehnkribs  Aia>  Toppino 

Plants.— Cofi/tnii«tf 


Location 

Date 
built 

C^Munty  per 
month.  Crude, 

barrels. 
A^halt,  tons 

Stills 

Name 

Num- 
ber 

Sue 
(biuxeb) 

Products 

Calif  ornU  Oil  and 
Asphalt       Com- 
pany 

Los  Angeles 

1902 
1000 

450  tons 

2 

100 

DistiUate.  asphalt. 

Capitol    Refining 

Berkeley 

600  tons 

DistiUate.  asphalt. 

Company 

Capitol  Crude  Oil 
Company 

Santa  Paula 

Columbia  Oil,  As- 
phalt and  Refin- 
ing ComjMiny 

Carpinteria 

1905 

450  tons 

2 

1 

150 
250 

Asphalt,  distillate. 

» 

Continental     Oil 

Los  Angeles 

1007 

600  tons 

Asphalt,  4istillate. 

Company 

Cooper 

San  Diego 

Denimore-Stab- 
ler           Refining 
Company 

• 

Los  Angeles  1 

1002 

20.000  bbl. 

0 

150 

Distillate.gasoline, 
stove  oil,  asphalt, 
kerosene,  lubri- 
cants. 

Bastem   Consoli- 

Bakersfield 

1004 

1.000  tons 

Distillate,  asphalt. 

dated  Oil  Com- 
pany 

1 
1 
1 

El    Oso    Asph&H 

0.000  bbl. 

235 

160 

30 

Distillate,  asphalt. 

Company 

gasoline. 

Ensign-Baker  Re- 

Hadley 

1010 

1,000  tons 

Distillate,  asphalt. 

fining  Company 

General       Petro- 
leum Company 

Vernon 

1013 

• 

300,000  bbl. 

Trumble  plant 

Gasoline,  distil- 
late, fuel  oil. 

General       Petro- 
leum Company 

Mojave 

1013 
1013 

200.000  bbl. 

Trumble  plant 

Gasoline,      distil- 
late, fuel  oil. 

General       Petro- 
leum Company 

Kerto 

2.000  bbl. 

Trumble  plant 

Gasoline,  distil- 
late. 

Guaranty         Oil 
Company 

Los  Angeles 

30.000  bbl. 

5 

200 

Gasoline,  distil- 
late. 

Hereules  Oil  Re- 
fining Company* 

Los  Angeles 

1000 

30,000  bbl. 

4 
2 
2 

100 
300 
600 

Distillate.  asphaH. 
road  oil,  st</r« 
oil. 

^  Run  by  Turner  Oil  Company. 

t  Fkirehild,  Oilmore,  Wilton  Company. 
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TABiiE  XLVIII. — Calotobnia  Oil  Refineries  and  Topping  Plants. — Conr 

tinued 


Location 

Date 
buUt 

Capacity  per 
month.  Crude, 

barrels. 
Asphalt,  tons 

Stills 

Name 

Num- 
ber 

Sise 
(barrels) 

Products 

Jordan  Oil  Com- 
pany 

Los  Angeles 

1000 

9.000  bbl. 

2 

1 

126 
250 

Distillate,  kero- 
sene, lubricants. 

Ki  n  s     Refining 

Bakersfield 

1901 

600  tons 

Distillate,  asphalt. 

Company 

Los    Ancelea    Oil 

Olinda 

Continuous     sys- 
tem 

Refining     Com- 
pany 

Monarch  OU  Re- 

Berkeley 

1910 

600  tons 

Distillate,  asphalt. 

fining  Company 

More 

Goleta 

National  Oil  Re- 

Bakersfield 

1904 

• 

1,200  tons 

Distillate,  asphalt. 

fining  and  Manu- 
facturing    Com- 
pany 

Pacific     Refining 

San  Francisco 

1903 

300  tons 

Roofing,  asphalt. 

and    Roofing 
Company 

Pacific  States  Re- 

Fruitvale 

1904 

400  tons 

Distillate,  asphalt. 

fining  Company 

Paraffin    Paint 
Company 

South   San 
Francisco 

1900 

100  tons 

2 
2 

125 
30 

Paint  and  roofing 
asphalt. 

Phoenix  Refining 

Bakersfield 

1902 

1,200  tons 

Distillate,  asnhalt. 

and       Manufac- 
turing Company 

Pinal-Dome  0  i  1 

Betters  via 

1910 

36.000  bbl. 

Company 

gasoline. 

Pioneer    Roll 
Paper  Company 

Los  Angeles 

1908 

14.000  bbl. 
600  tons 

2 

300 

Roofing  paper  as- 
phalt, distiUate. 

Producers    Refin- 
ing Company 

Bakersfield 

1903 

700  tons 

Producers  and 

Oilport 

1906 

5.000  bbl. 

15 

Never  operated. 

Refiners  Oil 
Company 

Puente  Oil  Com- 
pany 

Chino 

1896 

30.000  bbl. 

3 

1 
1 
1 

220 

200 

150 

40 

Distillate,  fuel  oil. 
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Table  XLVIII. — Calivobnia   Oil  Refineries  and  Topping  Plantb. 

Continued 


Date 
buUt 

Capacity  per 
month.  Crude, 

barrels. 
Asphalt,  tons 

Stills 

Name 

Location 

Num- 
ber 

Sue 
(barrels) 

Products 

Southern     Refin- 
ing Company 

• 

Lo0  Angeles 

1900 

21,000  bbl. 

2 
2 

1 

250 

100 

50 

Distillates,  gaso- 
line, asphalt, 
kerosene,  store 
oil,  axle  grease. 

Standard  Oil 
Company 

Richmond 

1902 

1.950,000  bbl. 

100 

15 

6 

1.000  crude 
250  asphalt 
1,350  rerun 

All  classes  of  prod- 
ucts. 

Standard  Oil 
Company 

El  Segundo 

1911 

450.000  bbl. 
2.250  tons 

20 
3 
3 

1.000  crude 
600  asphalt 
1,350  rerun 

Asphalt,  gasoline, 
bensine,  kerosene, 
fuel  oil. 

Standard  Oil  Bakenfield 
Company 

1912 

300.000  bbl. 

3 

3 

1,000  crude 
600  road  oU 

DbtiUate,  fuel  <»1. 

Sunset    Oil     and 
Refining      Com- 
pany. 

Ostend 

1903 

60.000  bbl. 

16 

150 

Distillate,  asphalt. 

Sunset    Monarch 

Maricopa 

1907 

1,500  tons 

= 

Distillate  and  as- 

Oil Company 

phalt. 

Union   Oil  Com- 
pany 

Oleum 

1895 

300,000  bbl. 
4.500  tons 

56 

Continuous!  All  classes, 
system 

Union   Oil   Com- 
pany 

Bakersficld 

1903 

3,000  tons 

12 

Continuous 
system 

Distillates,  kero- 
sene, fuel  oil,  and 
asphalt. 

Union   Oil   Com- 
pany 

Fullerton 

1911 

210,000  bbl. 

12 

Continuous 
system 

Gasoline,  distil- 
late, and  fuel  oil. 

Union   Oil   Com- 
pany 

Santa  Paula 

• 

1912 

20.000  bbl. 

8 

Dyer 
system 

Gasoline,  distil- 
late, and  fuel  oil. 

Union   Oil   Com- 
pany 

Avila 

1910 

360.000  bbl. 

12 

Dyer 
system 

Gasoline,  distil- 
late, and  fuel  oil. 

Volcan  Oil  Com-  Bakenfield 

1901 

400  tons 

Distillate  and  as- 

pany 

phalt. 

Warron  Broa. 

Rodeo^ 

1903 

800  tons 

Distillate  and  as- 

phalt. 

Warren  Broe.        'Bakcrsfield* 

1904 

1.500  tons 

Distillate  and  as- 

phalt. 

Yosemite  Oil  Re- 
fining Company 

Los  Angeles 

1902 

450  tons 

2 

100 

Distillate  and  as- 
phalt. 

1  Leased  from  the  Western  Oil  Refining  Company, 
s  Leased  from  the  California  Kern  Oil  Company. 
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THE  DISTRIBUTION  OF  PETROLEUM  PRODUCTS  TO  THE  TRADE 

Refined  oils  are  distributed  to  the  trade  in  bulk  in  1,500-gaI. 
tank  car  compartments,  and  in  3,600-,  4,500-,  5,500-,  6,000-, 
6,500-,  8,000-,  10,000-  and  l!^,500-gal.  tank  cars;  these  tank  cars 
are  usually  loaded  so  that  they  will  be  shell-full  at  a  temperature 
of  60°F.,  on  which  basis  all  bulk  products  are  generally  sold.^ 

The  ordinary  containers  are,  of  course,  wooden  or  steel  barrels; 
and  there  are,  in  addition,  the  following  small  receptacles  or 
packages:  half  barrels,  kegs  (14  to  17  gal.),  5-  and  10-gal.  wood- 
jacket  cans,  1-gal.  cans  (usually  12  in  a  case),  100-lb.  kegs,  and 
5-,  10-,  25-  and  50-lb.  slip-top  and  friction-top  (for  thin  greases) 
tins.  Brief  reference  will  now  be  made  to  certain  technical 
factors  involved  in  the  marketing  of  the  liquid  products*  of 
petroleum  in  receptacles  of  this  group. 

Wooden  Barrels. — The  preparation  of  barrels  is  an  important 
item  in  the  marketing  of  refined  distillates.  Oil  barrels  must  be 
perfectly  tight  and  free  from  foreign  matter  which  may  con- 
taminate the  product  shipped  therein,  and  it  is  therefore  necessary 
that  they  are  properly  driven,  cleaned,  glued  and  dried.  The 
drying  subsequent  to  gluing  is  probably  the  most  diflBcult  to 
accomplish  satisfactorily,  for  the  glue  is  likely  to  break  if  dried 
too  rapidly^  and  to  mildew  if  dried  too  slowly. 

In  drying  with  hot  air,  a  fan  forces  a  current  of  air  into  an  iron 
chamber  inclosing  a  series  of  steam  pipes,  wherein  it  is  heated  to 
the  desired  temperature,  and  then  forces  it  through  a  10-in.  pipe 
provided  with  nozzles  30  in.  apart.  These  nozzles  are  inserted 
into  the  glued  barrels,  and  the  dry  air  carries  ofif  the  water, 
leaving  a  coating  of  glue  inside  the  barrel. 

Pickwell*  has  described  the  barrel-cleaning,  gluing  and  drying 
arrangements  employed  at  an  English  petroleum  storage  in- 
stallation (see  Figs.  173  and  174).  At  the  end  of  the  boiler 
house  is  a  large  air-heating  chamber  (Fig.  173)  containing  a 
coil  of  steam  pipes.  The  chamber  communicates  with  a  blower 
by  a  pipe,  A  A,  and  with  the  main  air-pipe  by  pipes,  B.  From 
the  main  air  pipe,  three  branches  lead  to  three  pipes,  from  which 
are  taken  short  branches,  E^  of  inch  pipe,  arranged  about  2  ft. 

1  See  Figs.  159  and  160. 

•  On  the  distribution  of  paraffin  wax  to  the  trade,  see  p.  478. 

'  For  one  elastic  composition  for  use  instead  of  glue,  see  Andrews, 
English  Patent  12827,  Sept.  5,  ISSS. 

*  Proc.  Inst.  Civ.  Eng,,  104  (1891),  254. 
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apart,  and  bo  placed  as  to  eoter  the  bungholes  of  the  barrels,  which 
are  placed  over  them  in  three  oesta  of  eight  barrels  each.    Valves, 


fff^p 

1 1 

: 
; 

fillip 

Tio.  173. — The  plan  of  a  barret-cleaning  and  gluing  houso. 

O,  permit  of  shutting  off  connection  with  any  or  all  of  the  neHtn 
of  barrels.    Similarly,  steam  from  the  boiler  passes  through  a 


Fio,  174. — The  swrlion  of  a  harrpl-clcaning  anil  gluing  houw;. 


pipe,  H,  into  a  main,  0,  from  which  it  paanKn  into  branrhtis,  P, 
leading  into  the  branches  of  the  main  air  pipe.    The  barrels  are 
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first  steamed  for  10  or  15  min.,  after  which  the  steam  is  shut  off 
at  Q;  the  hot-air  valve,  F,  and  the  branch  valves  are  then  opened, 
and  the  barrels  are  dried  with  hot  air.  The  arrangements  for 
coating .  the  barrels  with  glue  are  shown  in  Kg.  173.  After 
draining,  the  barrels  are  lifted  to  the  floor  above  by  a  lift,  D, 
to  be  painted.  The  filling  tank  in  connection  with  the  barrel- 
ling house  is  placed  at  an  altitude  of  8  or  10  ft.,  and  the  oil 
flows  from  it  into  the  barrels  through  a  pipe  arranged  about 
30  in.  above  the  ground,  and  having  branches  7  ft.  apart  fitted 
with  flexible  hose  and  automatic  cocks,  so  that  a  number  of 
barrels  can  be  filled  simultaneously.  As  soon  as  the  barrel  is 
sufficiently  charged — space  being  left  for  expansion  of  the  oil — 
the  supply  is  automatically  cut  off;  the  barrel  is  then  bunged  and 
replaced  by  an  empty  one. 

Steel  Barrels. — The  manufacture  of  steel  barrels  has  become 
an  important  industry  in  the  last  few  years,  due  principally  to 
the  increasing  demand  among  the  marketers  of  petroleimi  oils. 
A  very  few  years  ago  the  only  steel  barrels  or  drums  used  in  this 
country  were  those  coming  from  abroad,  containing  chemicals, 
but  now  there  are  in  this  country  over  twenty  large  concerns 
manufacturing  steel  barrels  in  quantities.^  Some  of  these 
plants  are  modem  in  every  detail  and  have  a  capacity  up  to 
1,000  steel  bbl.  per  day,  ranging  in  sizes  from  15  to  110  gal.  each. 
Chemical  manufacturers,  paint  and  varnish  makers  use  a  great 
many  of  these  barrels,  but  it  is  estimated  that  75  per  cent,  of 
the  output  is  taken  by  petroleum  refiners. 

Steel  barrels  must  stand  the  continual  abuse  to  which  they  are 
subjected.  Besides,  they  must  be  light  in  weight,  retain  their 
shape  and  be  absolutely  free  from  leakage.  Corrosion  has  now 
been  reduced  to  a  minimum  by  the  method  of  coating  with  zinc 
after  the  barrel  has  been  made  up  and  by  placing  the  openings  in 
the  head  of  the  barrel  above  the  chime;  thus  water  collected  on 
the  head  does  run  inside  when  the  barrel  stands  on  end  without 

^  Several  methods  are  employed  in  the  manufacture  of  steel  barrels. 
According  to  one  process,  the  barrel  is  formed  in  two  sections,  which  are 
joined  by  pressure,  the  flanged  edges  being  so  formed  as  to  interlock.  By 
another,  the  bodies  are  made  from  rectangular  sheets,  with  a  single  longi- 
tudinal joint  welded  electrically.  Then,  too,  barrels  are  stamped  cold 
out  of  sheet  steel  and  joined  circumferentially  by  spinning  the  edges  of  the 
two  shells  together. 


REFINERY  TECHNOLOGY  513 

plug  or  with  loose  plug.  Barrels  so  constructed  are  guaranteed 
to  last  many  years.* 

The  Interstate  Commerce  Commission's  Bureau  for  the  Safe 
Transportation  of  Explosives  and  Dangerous  Articles  under  the 
direction  of  Colonel  Dunn  has  encouraged  the  use  of  steel  barrels 
and  requires  that  steel  barrels  or  drums  for  the  shipment  of 
gasoline  or  other  inflammables  must  stand  certain  pressure  and 
drop  tests  and  must  be  made  of  a  specified  weight  of  steel  accord- 
ing to  the  size.  Every  container  ased  for  this  purpose  must  be 
stamped  as  complying  with  specification  No,  5.  This  has 
brought  about  a  great  improvement  in  lessening  the  number  of 
accidents  and  fire  losses. 

Some  of  the  largest  oil  companies  are  rapidly  replacing  their 
wooden  cooperage  with  steel  which  will  last  many  years,  and, 
furthermore,  they  are  relieved  of  the  expense  and  trouble  of 
recoopering  wooden  barrels.  Besides,  the  saving  in  leakage  is  a 
considerable  item.  From  a  marketing  viewpoint  there  are  the 
following  advantages:  the  customer  prefers  a  steel  to  a  wood 
barrel  on  account  of  possible  leakage  and  fire  risk  in  the  case  of 
the  latter,  and  some  companies  quote  him  a  lower  price  for  oil 
in  steel  barrels. 

There  are  many  different  methods  of  handling  the  steel  barrel 
in  the  service  of  oil  companies:  some  loan  the  barrel  without 
charge;  others  make  a  charge  and  send  credit  invoice  when  the 
barrel  is  returned;  while  another  sells  the  barrel  outright,  agree- 
ing to  buy  it  back  any  time  it  is  returned  in  good  condition. 

The  steel  barrels  used  in  regular  service  are  generally  numbered 
consecutively  by  embossing  the  name  and  numlrer  in  the  heads, 
then  a  record  of  the  movements  of  these  barrels  is  kept  in  a  card 
index  system.  In  the  ticket  system,  a  rod  ticket  is  made  out  for 
a  barrel  leaving  the  refinery  for  the  station,  a  white  ticket  when 
it  is  sent  to  a  customer,  and  a  green  ticket  when  it  is  returned  to 
the  refinery.  These  tickets  are  mailed  to  the  main  office  each 
day  and  are  there  placed  on  pegs  on  files  holding  more  than 
1,000  pegs  each.  In  this  way,  one  company  keeps  a  record  of 
ths  movements  of  over  100,000  steel  barrels  in  its  service. 

Some  refiners  now  use  specially  designed  steel  barrels  for  the 
distribution  of  their  special  products.  They  thus  have  dis- 
tinctive packages  which  the  trade  may  readily  recognize. 

In  filling  stations  for  steel  barrels,  the  latter  are  first  washed, 

'See  C.  E.  Miller,  Oildom,  6  (1915),  No.  2,  39. 
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and,  if  any  are  seriously  dented,  they  are  placed  in  a  hydraulic 
press  for  the  removal  of  indentations;  second,  they  are  rolled 
through  hot  ovens,  where  they  are  thoroughly  dried;  and  third, 
they  are  transported  to  the  paint  room,  if  painting  is  necessary, 
and  then  filled. 


tWcight*  bsHd  on  "Defiann 
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Barrel  Filling.— Two  types  of  barreT** 
tillers  are  shown  in  Figs.  176  and  177. 
Fig.  178  gives  the  construction  of 
the  "Penflex"  automatic  barrel  filler, 
which  is,  when  in  use,  fitted  with  l^i- 
in.  flexible  steei  hose,  as  illustrated  in 
Fig.  177. 

Canning. — The  packing  of  goods  in 
small  packages  suitable  for  sale  to  the 
consuming  trade  has  also  extended  to 
the  oil  business,  and  now  many  jobliers 
are  putting  out  a  full  line  of  all  grades 
of  lubricating  oils,  greases  and  spe- 
cialties of  all  sorts  in  brightly  colored 
lithographed  cans.  This  business  re- 
quires considerable  warehouse  spare 
and  detail  work,  but  in  many  cases 
has  proved  very  remunerative.  One 
firm  is  using  well  over  one  hundred 
different  styles  and  sizes  of  cans. 

The  canning  plant  of  a  prominent 
shown  in  Fig.  170. 
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SYSTEMATIC  METHODS  OF  TESTING  PETROLEUM  PRODUCTS 

The  following  scheme  of  examination  of  petroleum  products  la  a  trans- 
lation of  the  tests  adopted  by  the  International  Petroleum  Commission, 
to  which  have  been  added  some  criticisms  of  the  methods  proposed.' 
It  simply  represents  progress  in  the  direction  of  uoiform  testing 
methods. 

ILLUMINATING  OILS 

I.  The  odor  of  an  illuminating  oil  is  not  characteristic  as  to  its 
illuminattng  value.  If  a  test  (should)  be  considered  necessary,  it  should 
be  made  by  shaking  (about)  100  c.c.  of  oil  in  a  bottle  of  200  c.c.  capacity, 
with  &  clear  width  of  neck  of  IS  mm.,  at  a  temperature  of  about  20°C, 
for  a  minute  (and  then  noting  the  odor.) 

II.  The  test  for  color  and  Jlaorescence  of  an  illuminating  oil  is  a 
matter  for  future  agreement.  The  test  for  color  is  to  be  made  with  a 
colorimeter,  using  standard  glasses  whose  color  value  is  to  be  determined 
by  comparison  with  normal  Uquids  yet  to  be  agreed  upon.  Before  test- 
ing the  color,  the  petroleum  must  be  filtered  through  paper. 

III.  Specific  ffravily  is  to  be  determined  by  the  usual  methods 
(officially  standardized  thermo-areometers,  pyknometers,  Mohr  scales, 
areometers  for  small  quantities,  alcohol  flotation  process)  according  to 
the  nature  and  quantity  of  the  material  and  the  accuracy  desired.  The 
standard  temperature  is  fixed  at  13°C.,  the  unit  of  weight  to  be  water  at 
-I-  4°C-,  and  the  specific  grai-ity  to  be  reduced  to  vacuum.  The  deter- 
mination of  specific  gravity  may  be  made  at  higher  or  lower  temperature 
and  reduced  to  the  normal  temperature  at  IS'C.  by  means  of  coefficients 
of  expansion  to  be  determined  by  each  countrj'  for  its  own  petroleum, 
prot'ided  only  that  the  specific  gravity  does  not  lie  so  near  a  limit  that 
errors  could  thereby  43ccur.  In  this  case  the  determination  must  be 
carried  out  at  lo^C.  or  at  a  temperature  very  near  to  this. 

TV.  In  case  the  determination  of  specific  viscosity  is  desired,  it  is 
tMom^ended  to  use  the  Engler  viscosimeter  modified  by  Ubbelohdc 
for  illuminathig  oils  (described  in  Poet,  "  Chemisch-technische  Analyse," 
1,  ii,  312). 

V,  The  determination  of  the  fioiji-poini  of  illuminating  oUa  is  to  be 
made  in  the  Abel-Pensky  apparatus'. 

'  D.  T.  Dat  and  F.  E.  Carter,  Canada  Dept.  Mints,  Mines  Branch. 
Report  No.  391, 1,  361.  On  the  present  practice  in  the  examination  of  petro- 
leum products,  see  Kissling,  Pttroleum,  B,  505,  1009;  and  Hoi-Db's  "Eh- 
amination  of  Hydrocarbon  Oils,"  trans,  by  Mdelleh,  191S. 
.For  methods  of  analysis  of  petroleum  itself,  see  pp.  124  and  127. 
'  The  following  list  of  state  illuminating  oil  inspection  tests  has  been  com- 
pHed  by  C.  D.  CtuHUERiAts',  Counsel,  National  Petroleum  Associalion, 
(See  tMe  on  followmg  page.) 
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Tabus  L.— Statb  liA.vuwt.-nsa  Oil  lN8Picnon  Teom 

SUta 

tluhttat 

nr«Mi.t 

120°F. 
160"F. 

Tagliabue 

Tagli&bue 

IWF. 

Open  tost 

Tagliabue 
Tagliabue 

no"F. 

140-F. 

ns'F. 

OoDQGCticUt - 

IIO'F. 

Horids 

No  inspection  laws 
lOO-F. 

120-F. 
140-F. 
150-F. 

Tt^liabua 
Tagliabue 

120'F. 

100°F. 
110°F. 

None  prescribed 

lao-F. 

Tagliabue 
Tagliabue 

125°F. 

IZO-F. 
IIO-F. 

11Q°F. 

Muylaod 

Tagliabue 

MaasachuBeltfl.,, 

-  lOCF. 
120'F. 

120''F. 

Tagliabue 
TagUabue 

MiBsiflsippi 

MiMouri 

No  inspection  laws 

IZO-F. 

HOT, 

n2''F. 

No  inspection  laws 
100°F. 

120-F. 
120°F. 

New  Hampshire... 

Tagliabue 
TagUabue 

Elliott 

New  Jersey 

New  York 

North  Carolina.... 

North  Dakota 

Ohio 

IWF. 
100°F. 
lOO-F. 
lOO'F. 
120°F. 
n5"F. 

no-F. 

Tagliabue 

.125'F. 

Elliott 

Tagliabue 

120''F. 

IIO-F. 

Peaoaylvania 

Tagliabue 

Rhode  laland 

no'F. 

UO°F. 
105°F. 
120°F. 

No  inspection  laws 

Elliott 

South  Dakota..    . . 

TenncHgee 

Texas * 

110°F. 
IIO-F. 

120-F. 

125''F. 

Tugliabue 

Tagliabue 

Tagliabue 
Tagliabue 

Virginift 

No  inspection  laws 

West  Virginia 

Wisconain 

Wyoming 

No  inspection  laws 
lOS-F. 

no°F. 

Tagliabue 
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ExpQrtaiion  and  transport  regulations  in  the  different  countries  are 
postponed  for  further  deliberation. 

The  rules  for  the  determination  of  the  flash-point  of  illuminating  oils, 
whose  flash-point  is  higher  than  SffC,  will  be  based  on  experiments  still 
to  be  carried  out. 

VI.  CM  Tett. — ^Fresh  samples  must  always  be  used,  and  not  such 
as  haTB  been  previously  cooled  off  to  a  lower  temperature  for  any  con- 
siderable time.  Testing  is^necessary  only  when  precipitation  might  be 
harmful  in  the  use  of  an  illuminating  oil.  If,  on  cooling  a  sample  in  the 
test-glass,  precipitation  or  solidification  is  observed,  then  the  determina- 
tion of  the  cold  test  must  be  carried  out  according  td  the  method  recom- 
mended for  lubricating  oils.  The  freezing  point  of  the  distillation  residue 
left  from  illuminating  oils  at  275^0.  may  also  be  determined.  Due 
regard  is  also  to  be  given  to  changes  noted  during  the  cooling. 

VII.  The  fradional  distiUation  is  effected  in  the  Engler  bulb  accord- 
ing to  the  continuous  method  (Ubbelohde,  Miiteilung  aus  dem  Kdnig- 
lidien  MaUrial-prufung9amt,  1907,  261 ;  and  Moniteur  du  PitroU,  1908, 
280  and  282).  The  height  of  the  barometer  is  to  be  given  and,  by  making 
a  test  with  a  thermometer  of  equal  dimensions,  a  correction  for  the 
emergent  mercury  filament  to  be  made.  The  condenser  tube  must  be 
entirely  dry.  The  boiling  point  is  that  point  at  which  the  first  drop  falls 
off  from  the  exit  tube  of  the  Engler  bulb.^ 

The  limits  of  temperature  within  which  the  distillates  are  taken  off 
must  be  divisible  without  remainder  by  25. 

Ordinarily,  the  fractions  are  measured  volumetrically,  the  residue, 
boiling  above  300^C.  and  remaining  in  the  retort,  being  weighed.  For 
more  exact  investigations,  the  weight  of  the  distillates  and  of  the  quan- 
tity used  is  determined.' 

VIII.  lUuminaiing  Power. — As  the  unit  of  measurement  of  illumi- 
nating power,  the  Hefner  amyl  acetate  lamp  is  used.  For  changing  from 
this  unit  into  other  units,  the  tables  published  by  the  '^Verein  der  Gas 


Unit 

H. 

1 

V. 

E. 

P. 

0.091 
0.109 
0.104 
1.0 
0.98     . 

.c. 

Hefner. 
Vereins. 
English. 

1.0 

1.2 

1.14 

11.0 

10.80 

0833 
1.0 
0.95 
9.16     ' 
9.0 

0.877 

1.05 

1.0 

9.6 

9.5 

0.092 
0.111 
0.105 

10  c.p. 
Carcel. 

pentane  lamp 

1.01 
1.0 

'  It  is  better  to  take  the  temperature  when  the  first  drop  falls  from  the  con- 
denser, because  frequently  this  occurs  before  a  drop  falls  from  the  exit  tube  of 
the  distilling  bulb. 

'  For  the  results  of  tests,  including  fractional  distillations,  on  American, 
Bohemian,  Galician,  German,  Rumanian  and  Russian  common  and  safety 
illuminating  oils,  see  R.  Jungkunz,  Chem.-Ztg.f  39  (1915),  641  and  659. 
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und  Wasserfachmazmer"  are  used.  For  exact  photometric  determina- 
tions the  grease  spot  is  not  appropriate.  It  is  necessary  to  use  the 
photometer  of  3rodhim,  or  Lummer,  or  other  modem  apparatus. 

The  illuminating  power  of  an  illuminating  oil  does  not  depend  solely 
on  its  composition,  but  most  particularly  upon  the  construction  of  the 
lamp  and  (the)  chimney  used  to  determine  the  illuminating  power. 
For  these  tests  (of  illuminating  power),  the  following  points  must  be 
observed; 

The  size  of  the  burner,  of  the  chimney,  and  the  distance  from  the  edge 
of  the  burner  to  the  level  of  the  coil  before  and  after  the  experiment  must 
be  given. 

Before  the  experiment,  dry  the  wick  (for  2  hr.)  at  100**C.  (212**F.), 
then  plunge  it  at  once,  warm,  into  the  lamp  oil,  and  let  it  soak  there  for 
an  hour.  The  top  of  the  wick  should  be  trimmed  with  care  by  means  of 
scissors  until  an  even  flame  is  obtained. 

The  duration  of  the  combustion  should  be  in  general  6  hr.  In  particu- 
lar cases,  an  appreciably  longer  duration  of  combustion  may  be  used. 

During  the  first  quarter  of  an  hour,  turn  up  the  flame  to  the  highest 
point  possible.  Later,  a  quarter  of  an  hour  before  the  first  photo- 
metric measurement,  turn  it  up  again,  then  leave  it  to  itself  (without 
touching  it). 

The  photometric  measurements  should  be  done  after  the  first,  second, 
third,  fourth,  fifth,  and  sixth  hours. 

In  determining  the  total  consumption  of  oil,  weigh  the  lamp  before 
and  after  the  test. 

In  order  to  obtain  more  exact  determinations,  the  lamp  should  be 
weighed  at  each  photometric  determination.  Differences  in  the  tem- 
perature of  the  oil  are  without  sensible  effect  upon  the  weight.  In 
addition  to  the  mean  illuminating  power  and  the  total  quantity  of  oil 
burned,  the  consumption  per  candlepower  per  hour  is  to  be  given.  The 
kind  of  wick  used  must  be  given.  The  International  Commission  has 
left  this  subject  to  the  study  of  a  special  commission. 

IX»  Behavior  of  Burning, — This  subject  also  has  been  left  to  subse- 
quent study  by  the  commission. 

X.  Degree  of  Refining, 

Acid  Content. — 1.  Shake  100  c.c.  of  illuminating  oil  with  10  c.c.  of 
distilled  water  with  addition  of  a  few  drops  of  an  aqueous  solution  of 
methyl  orange,  1  : 1,000.     The  water  must  not  become  pink. 

2.  Dissolve  100  c.c.  of  the  illuminating  oil  in  100  c.c.  of  a  freshly 
neutralized  mixture  of  4  parts  of  ether,  1  part  of  95  per  cent,  alcohol, 
and  1  drop  of  phenolphthalein  solution.  Add  a  drop  of  1/10  normal 
sodium  hydroxide  solution,  and  shake  in  a  cylinder  with  a  stopper.  If 
the  illuminating  oil  is  neutral,  the  pink  coloring  does  not  disappear 
during  the  shaking. 

If  an  acid  reaction  has  been  detected  by  either  of  the  two  qualitative 
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tests,  tbeu  the  quantitative  determi nation  of  the  acid  content  is  to  be 
undertaken  by  the  known. anal j-tical  methods.  Meanwhile,  it  may  bo 
of  value  to  test  the  behavior  toward  sodium  hydroxide  by  using  the 
Bo-called  "soda  test"  (Muspratt,  "Techmsche  Chemie,"  1698,  234; 
or  Post,  "Chera.  Tech.  Analyse,"  1,  320),  in  which  sodium  hydroxide 
solution  (1.02  sp.  gr.),  diluted  with  water  in  ratio  6:100,  is  used.  How- 
ever, the  result  of  the  soda  test  alone  is  not  decisive;  but  when  it  di»> 
closes  nothing,  a  possible  acid  content  or  "acid  figure"i8  to  be  determined 
by  1  or  2,  or,  if  no  free  acid  is  present,  the  ash  content  (see  XII). 

Xa.  Hydrocarbon  Charactenslics. — ^The  determination  of  hydrocar- 
bon content  is  referred  to  a  committee  for  further  study.'  The  problem 
of  this  conmiittee  is  to  be  the  preparation  of  methods  for  determining 
the  various  hydrocarbon  groups  that  go  to  make  up  'petroleum  and  its 
products.* 

XI.  SloToge  Slahility. — For  studying  the  liability  to  alteration   of 


'  Id  this  reeard,  Enolbh  lias  communicated  the  following  partial  method 
worked  out  in  his  laboratory  by  Tausk  and  PrairpEn:  For  qualitative 
detection  of  the  unsaturated  hydrocarbons,  a  small  quantity  of  bcniinu 
is  shaken  and  boiled  with  concentrated  aqueous  mercuric  acetat«  solu- 
tion, defines  and  cyclic  unsaturated  hydrocarbons  dissolve  cold  and  are 
oxidized  in  boiling.  In  this  process,  they  reduce  the  mercuric  acetat«,  which 
precipitates  on  cooling.  Moreover,  bulylene  colors  red,  amylene  yellow,  and 
hexylene  pink.  For  their  quantitative  determination,  the  unsaturated 
compounds  are  for  the  most  part  thoroughly  shaken  with  mercuric  acetate 
at  ordinary  temperature  and  distilled  out  of  the  solution  after  adding  hydro- 
chloric acid.  These  regenerated  unsaturated  hydrocarbona  are  identified 
as  formohte  in  the  usual  way  in  which  tbe  cyclic  ones  areidentified.  The 
lemainder  of  the  unsaturated  hydrocarbons  of  the  beniine,  not  dissolved 
by  mercuric  acetate,  is  destroyed  (decomposed)  with  fresh  mercuric  ac«tat« 
by  boiling  with  a  return  condenser,  whereupon  the  remaining  more  stable 
hydrocarbons  are  distilled  off,  separated  by  a  spe<ual  method,  and  determined 
quantitatively.  The  difference  between  the  volume  of  the  beniine  used 
and  that  uf  the  last-named  distillate  gives  tbe  content  in  unsaturated  hy- 
drocarbons.    The  correction   for  tmavoidable  lossee  is  found  by  a  blank 


The  subsequent  analysis  is  qualitath'e.  The  aroma^  bydrocatbona  aie 
detected  as  formoUte.  In  their  presence,  the  formolite  reactiot)  with  the 
total  distillate  is  repeated,  until  tbe  hydrocarbons  distiDcd  ofl  no  longer  grve 
formolite.  For  detecting  the  cyclo-faexanes  in  thii  remainder,  a  sample  ia 
p*Mwj  at  about  300°C.  in  a  hydrogen  atmo^^iero  over  finely  divided  aickeb 
II  tbe  condensate  now  shows  the  formoltle  reactioa,  then  there  were  eydo- 
hexanes  present.  ZEU.tsKi  thinks  Utey  can  be  detenuiaedqaaatilatively  by 
ddtydrating  with  palladium  black.  Napfatbena  and  pa 
aa  umal  from  tbe  physical  constantsof  tbe  caiefnDy fractionated  n 
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I)etroleum  in  storage,  a  special  committee  is  named  to  collect  and  work 
up  material  relating  to  this  question  for  presentation  at  the  next  meeting 
of  the  International  Commission.^ 

XII.  Ash  Content, — For  determining  the  ash  content,  about  1  liter 
of  filtered  oil  wiU  be  used,  taking  into  consideration  the  filter  residue 
qualitatively  and,  if  necessary,  quantitatively.  The  ash  must  be  indi- 
cated in  percentage  by  weight.  The  ash  is  determined  by  distilling  off 
the  sample  to  about  30  c.c.  This  residue  is  poured  off  along  with  the 
last  portions  of  the  distillate  into  a  platinum  dish,  evaporated  to  dryness 
with  removal  of  the  vapors,  and  incinerated. 

XIII.  Sulphur  Determination, — ^The  determination  of  the  sulphur 
is  effected  quantitatively,  either  according  to  the  method  of  Engler- 
Heusler  (Z.  angew.  Chem,,  1896,  285;  Engler,  Ch€m,-Ztg,,  1896,  197; 
Post,  "Chemisch-Techn.  Analyse,"  1,  ii,  321),  making,  if  necessary, 
at  the  same  time  a  blank  test  to  eliminate  errors  arising  from  the 
SO  2  content  of  the  air  of  the  laboratory,  or  else  by  the  method  of 
combustion  in  the  bomb. 

XIV.  Water  Determination, — Water  determination  for  illuminating 
oil  is  dispensed  with.  In  case  of  the  occurrence  of  clouding,  it  must  be 
determined  if  this  results  from  the  water  content. 

BENZINE  (Gasoline,  Naphtha,  Etc.) 

I.  Specific  Gravity, — Same  as  for  illuminating  oils. 

II.  Distillation, — The  tests  are  the  same  as  for  illuminating  oils. 
Fractionating  is  to  be  effected  while  making  the  limits  of  temperature 
divisible  by  10.  Final  point  of  the  distillation  is  to  be  regarded  as  that 
temperature  at  which  the  bottom  of  the  retort  appears  (to  be)  dry,  or 
when  white  vapors  make  their  appearance. 

III.  Degree  of  Refining, — Tests  to  be  omitted  until  a  uniform  method 
is  fixed.  ' 

IV.  Flash-point, — In  case  such  test  is  to  be  made,  German  Abel- 
Pensky  apparatus  is  to  be  used. 

V.  Add  Content. — The  rules  given  for  illuminating  oils  are  to  be  used, 
mutatis  mutandis, 

VI.  Heavy  Hydrocarbons. — Referred  to  the  committee  on  point  Xa 
for  illuminating  oils. 

VII.  Water  Determination, — The  same  rules  as  for  illuminating  oils. 

VIII.  Calorific  Volvjc, — To  be  determined  by  bomb  or  other  suitable 
apparatus.     Indication  must  be  given  as  to  wliich  apparatus  was  used. 

IX.  X  and  XL — (High-boiling  constituents,  odor  and  color,  and  illu- 
minating p>ower.)  These  were  referred  to  a  special  committee  to  in- 
vestigate and  report  as  in  the  case  of  illuminating  oils. 

*  Singer  is  named  as  chairman,  and  the  following  are  members:  Allen, 
GuisELiN,  Gane,  Sohn,  and  Berguer. 


LUBRICATIWG  OILS' 

I.  Color. — Transparency  of  the  oila  in  a  thin  layer  is  to  be  determined 
by  letting  them  run  over  a  glass  surface.  Color  is  to  be  determined,  as 
a  rule,  by  simple  ocular  inspection  in  a  test  tube.  In  special  cases, 
examination  is  made  in  rectangular  vessels  10  cm.  in  height,  10  cm.  in 
length,  and  15  mm.  in  vidth  (inside  measurement),  made  of  pure  white 
glass  of  5  mm.  thickness  of  wall,  and  by  both  transmitted  and  reflected 
light.  The  color  is  of  no  influence  on  the  lubricating  value,  and,  as  a 
rule,  is  regarded  only  as  an  assistance  for  identification. 

II.  Specific  Gravity. — (n)  Limitation  of  the  specific  gravity  with 
reference  to  the  proposed  use  is  not  necessary,  and  must  not  be  subjected 
to  too  narrow  limits.  Only  when  oila  of  a  determined  origin  are  de- 
manded, certain  limits  of  gravity  may  be  set  for  classification  purposes, 
and  these  must  not  be  drawn  too  narrowly.  (6)  Specific  gravity  serves 
only  as  a  means  of  classifying  mineral  oils  of  known  origin,  and  for  testa 
of  identity  and  comparison,  {c)  The  determination  of  the  specific 
gravity  ia  effected  according  to  the  nature  and  quantity  of  the  material 
and  the  degree  of  accuracy  desired,  according  to  the  usual  processes 
(of&cially  standardized  areometers,  pyknometers,  Mohr  scales,  are- 
omcters  for  small  quantities  of  oil,  alcohol  flotation  process).  For  thick 
oils,  the  method  of  mixing  with  kerosene  is  to  be  carried  out.  The 
standard  temperature  of  15°C.  is  fixed;  as  unit  of  weight,  water  at  +  4°C.; 
also  specific  gravity  is  always  to  be  reduced  to  vacuum.  The  determi- 
nation of  specific  gravity  may  also  be  effected  at  higher  or  lower  tem- 
peratures than  lo°C.,  and  be  corrected  by  the  coefficients  of  expansion 
to  the  normal  temperature  of  15°C.  Each  country  must  determine  for 
its  own  mineral  oils  the  coefficients  of  expansion  (correction  figurce}. 
In  case  the  specific  gravity  so  calculated  lies  so  Hear  to  a  limit  that  errors 
might  arise,  the  determination  must  be  carried  out  at  IS'C,  or  the 
ooeRicient  of  expansion  (correction)  exactly  determined. 

III.  Flash-point. — (o)  In  all  cases  where  it  is  a  question  of  obtaining 
the  greatest  possible  exactness,  the  Pensky  flash-point  apparatus  must 
be  used;  in  other  casea  also  the  open  cup,  preferably  with  a  mechanical 
device  for  bringing  up  the  teat  flame  and  with  an  adjustable  burner,  (t) 
In  case  of  absence  of  other  prescribed  methods,  a  porcelain  cup  i  em. 
in  width  and  4  cm.  in  height  is  to  be  used  for  the  deteTmination  of  the 
flash-point  in  the  open  cup.  This  is  to  be  set  in  a  sand  bath  up  to  the 
level  of  the  oil.  (For  mode  of  experiment,  see  Holde,  "  Untcrauchung 
der  Mincraiiile  und  Fette,"  3rd  ed.,  13.)  In  determining  the  flash- 
point in  the  open  cup,  a  thermometer  with  a  short  bulb  is  to  be  used, 
similar  tfi  that  used  with  the  Pensky  apparatus;  the  center  of  the 
bulb  must  be  in  the  center  of  the  oil.  Indication  must  always  be  given 
whether  the  work  was  prosecuted  with  or  without  consideration  of 

'  See  iilsu  Stillman's  "  Examination  of  Lubricating   Oila,"    1014. 
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the  correction  for  the  emergent  stem  pf  the  thermometer.  The  officially 
standardized  thermometers  for  the  Pensky  apparatus  are  so  gradu- 
ated that  the  indication  of  error  includes  the  last-mentioned  correction 
'  (at  the  same  time). 

Ilia.  Evaporation, — ^Referred  to  a  special  committee. 

III&.  Distillation  Test, — Distillation  test  is  in  general  to  be  effected  in 
the  Engler  bulb,  using  100  c.c.  Distillation  is  to  be  carried  on  to  270^C., 
the  temperature  being  taken  in  the  vapor. 

IV.  Burning  Point, — This  determination  is  carried  out  in  the  open 
cup,  as  in  the  case  of  the  flash-point.  The  heating  must  be  continual,  at 
the  rate  of  about  4°C.  a  minute — at  the  outside,  6**C.  a  minute. 

V.  Specific  Viscosity. — ^The  Commission  has  referred  this  subject  to 
a  special  committee. 

VI.  Capillarity. — ^Also  referred  to  a  special  committee. 

VII.  and  VIII.  Cold  Test, — (a)  For  the  simple  determination  the  test 
tube  metho.d  is  sufficient,  to  be  carried  out  in  the  following  way:  Into 
two  test  tubes  of  18  mm.  diameter,  the  oil  is  to  be  poured  to  the  height  of 
3  cm.  In  one  of  these  test  tubes  a  thermometer  is  dipped  into  the  liquid. 
Both  samples  are  kept  for  an  hour  in  a  freezing  mixture  at  the  desired 
temperature.  The  sample  without  the  thermometer  is  then  tilted,  and 
the  consistency,  that  is,  the  flowing  capacity  of  the  oil,  determined.  (6) 
In  case  of  numerical  comparison  of  the  flowing  test  by  the  U-tube  process, 
the  sample  in  the  test  tube  is  to  be  cooled  off  for  an  hour  to  the  experi- 
ment temperature,  while  maintaining  50-mm.  water  pressure  in'the  tube 
with  width  of  6  mm.  (limit  of  error  of  plus  or  minus  0.3),  pressure  action 
lasting  for  a  minute  with  a  stipulated  minimum  rise. 

(c)  Preliminary  treatment  of  the  samples:  For  the  consideration 
of  the  changes  in  the  cold  point  conditioned  by  the  influence  of  tempera- 
ture changes,  the  samples  are  to  be  tested  in  two  separate  experiments,  in 
the  condition  when  delivered  and  after  heating  for  10  min.  to  50®C.  In 
the  case  of  the  oil  tested  in  the  heated  condition,  the  determination  is  to 
be  repeated  for  safety  if  the  oil  (left  over)  from  the  first  test  is  sufficient, 
(d)  For  removing  chance  impurities,  the  oil  before  heating  is  to  be  poured 
through  a  sieve  with  a  yi-uiai.  mesh.  For  this  purpose  very  thick  oils 
must  be  heated  slightly,  (c)  Oil  containing  water  must  be  decanted, 
and  afterward  filtered  through  cotton  wool  dried  at  100°C. 

IX.  Asphalt-like  Bodies. — Referred  to  special  committee. 

X.  Water  and  Mechanical  Admixtures. 

(a)  Water. — The  water  content  of  oils  is  to  be  determined  quantita- 
tively, only  in  case  the  qualitative  test  has  shown  a  notable  water  content. 
In  case  of  pure  mineral  oils,  which,  at  50°C.,  have  an  Engler  degree  of  less 
than  8,  the  determination  is  made  in  the  following  way:  About  equal 
weights  (each  about  100  grams)  of  the  original  and  of  the  dehydrated  oil 
are  heated  in  glass  dishes  on  a  boiling  water  bath  until  the  formation  of 
foam  (scum)  has  ceased,  and  the  loss  in  weight  determined.    From  the 
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difference  in  loss  of  weight  of  the  two  samples  the  water  content  in  the 
original  oii  is  to  be  calculated.  The  dehydration  of  the  oil,  before 
heating,  is  effected  by  shaking  the  slightly  heated  oil  in  an  Erlenmeyer 
flaak  with  calcium  chloride,  and  aft«rward  filtering  on  a  dry  filter. 
In  case  of  oils  of  more  than  8  Engler  degrees,  it  is  sufficient  to  establish 
the  loss  of  weight  by  heating,  and  a  parallel  experiment  with  dehydrated 
oil  is  superfluous.  In  other  cases,  for  instance  with  oil  of  high  water 
content  (solid  fats),  the  determination  according  to  Marcusson  is  to  be 
employed,  depending  on  the  distillation  of  a  considerable  quantity  of 
oil  with  xylol  and  the  measurement  of  the  water  distilled  over.  All 
the  other  usual  methods  of  testing  (usual)  for  this  purpose  can  be  used, 
but  the  process  must  always  be  specified. 

(tr)  Afechanical  Impurilies. — 5  to  10  grams  of  well-shaken  oil  are  dis- 
solved in  a  glass  cylinder  in  100  c.c.  of  benzine  (in  case  Af  light  colored 
oil  from  which  no  asphalt  will  separate,  benzine  may  be  used  also). 
After  standing  all  night,  the  solution  is  poured  through  a  weighed  filter. 
The  cylinder  is  well  rinsed  out  and  the  filter  washed  with  the  solvent 
until  the  wash  liquid  after  evaporating  on  the  water  bath  no  longer 
gives  a  residue.  The  filter  is  dried  at  105°C.  to  a  constant  weight  and 
then  weighed. 

XI.  Ash,  XII.  and  XIII.  {St(Ml{ly  to  Heal  and  Ait  in  Slorage),  and 
XIV.,  XV.  and  XVI.  (Stability  to^card  Water  Vapor,  Superheated  Steam 
and  High  Pressure).— Deferred  for  further  investigation. 

XVir.  Degree  of  Refining.— Freti  Acids: 

(a)  Existing  processes  for  determining  free  acids  in  lubricating  oils 
are  retained.  Mineral  acids  are  to  be  determined  in  the  aqueous  extract 
of  about  100  grams  of  oil,  with  the  use  of  methyl  orange  as  indicator  as  in 
the  case  of  illuminating  oil.  Oi^anic  acids  are  to  be  determined  by  titra- 
tion with  alcoholic  }■'{(,  normal  caustic  alkali;  an  alcohol-ether  mixture 
is  used  to  dissolve  10  c.c.  of  a  light  oil,  and  in  the  case  of  a  dark  oil 
absolute  alcohol  is  the  solvent.  (6)  The  quantity  of  mineral  acid  is  to 
be  calculated  in  percentage  of  Sd;  the  organic  acids  expressed  as 
"acid  figure."  (The  acid  figure  indicat^es  the  number  of  milligrams  of 
KOH  necessary  to  saturate  the  free  acids  contained  in  1  gram  of  oil.) 

Free  Alkali. — Determine  the  presence  of  alkali  in  the  aqueous  extract 
of  at  least  100  grams  of  oil. 

Salta  (Ash  Content}.— Inorganic  salts  are  determined  in  an  aqueous 
extract  of  100  c.c.  of  oil.  The  presence  of  alkali  soaps  in  case  of  pure 
mineral  oils  generally  makes  itself  manifest  by  permanent  emulsion  and 
eligfatly  alkaline  reaction  of  the  aqueous  extract,  in  which  case  the  quali- 
tative detection  of  the  alkali  soap  is  eHected  by  the  following  method: 
In  a  test  tube  of  15  mm.  diameter  5  c.c.  of  0.5  Baum6  caustic  alkali 
solution  is  heated  to  boiling  over  the  Burisen  burner.  An  equal  quan- 
tity of  oil  is  added  and  it  is  heatedagainfor  a  minute  to  boiling,  in  such  a 
way  that  the  two  liquids  mix  as  intimately  as  possible  during  the  boiling. 
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This  sample  is  then  set  for  2  or  3  hr.  in  a  boiling  water  bath.  Then  the 
'  sample,  on  inspection,  must  show  the  following  results:  The  oil,  in  case 
it  is  pure,  must  be  clear,  and  the  alkali  extract  must  appear  transparent 
in  so  far  that  small  print  can  be  read  through  it.  Clouding  indicates 
naphthenic  acid  salts,  and  in  that  case  the  ash  determination  must  be 
carried  out. 

XIX.  Admixtures. — (a)  Fatty  Oil :  Fatty  oil  is  detected  qualitatively 
by  the  heating  for  a  quarter  of  an  hour  of  3  or  4  c.c.  of  the  oil  to  be  tested 
in  a  paraffin  bath  (oil  bath)  at  about  340^0.  with  a  small  piece  of  sodium 
hydroxide  or,  in  doubtful  cases,  with  metallic  sodium  After  cooling  off 
to  ordinary  temperature,  the  oils  show  some  lather  in  case  of  presence  of 
fatty  oils,  or  else  they  gelatinize.  The  soap  lather  is  in  the  case  of  cyl- 
inder oils  the  deciding  sign  of  the  presence  of  fatty  oils.  Naphthenic 
acid  may  produce  similar  phenomena.  Quantitatively,  fatty  oil  is 
determined  according  to  the  approximate  quantity  and  the  degree  of 
exactness  desired,  by  determining  the  saponification  figure  or  gravi- 
metrically  according  to  Spitz  and  Hdnig. 

XX.  Paraffin. — ^The  determination  of  the  paraffin  content  can  gen- 
erally be  dispensed  with  in  testing  lubricating  oils  because  any  high  per- 
centage of  paraffin  would  become  apparent  during  the  cold  testing.  In 
special  cases,  for  instance  in  litigation  tests,  etc.,  the  alcohol-ether 
process  of  Engler  and  Holde  for  paraffin  determination  can  be  used. 

XXI.  Lubricating  Capacity. — This  point,  as  well  as  the  study  of 
transformer  oils,  sampling  and  measuring  mineral  oils  kept  on  supply 
in  tanks,  ships,  and  so  forth,  is  deferred. 


CHAPTER  XIII 
SPECIAL  REFINERY  TECHNOLOGY 


This  chapter,  which  supplements  the  technology  presented  in 
Chap.  XII,  comprises  brief  considerations  of  certain  special  re- 
finery operations  and  a  rather  detailed  account  of  the  chemical 
treatment  of  petroleum  distillates.  Many  of  the  processes  re- 
ferred to  are  of  little  or  no  technical  importance,  but  they  have 
been  included  to  show  the  trend  of  inquiry  and  invention. 


THE    PROCESSES    OF    "SDNNIMG"    AND    "REDUCING" 

Paiaffin-base  petroleums  which  were  not  sufficiently  heavy 
per  se  for  use  as  lubricants,  but  were  too  heavy  to  be  worth 
distilling  for  the  production  of  illuminating  oil,  were  at  one  time 
worked  up  to  some  extent  by  the  processes  of  "sunmng"  and 
"reducing."' 

In  the  "sunning"  process,  the  petroleum  was  placed  to  a 
thickness  of  about  an  inch  upon  a  layer  of  water,  in  a  wooden 
tank  sunk  in  the  ground,  and  having  a  length  of  60  to  70  ft.,  a 
width  of  20  to  30  ft.,  and  a  depth  of  1  ft.  The  water  was  heated 
by  a  horizontal  steam  coil  to  about  llCF.,  so  that  foreign  matter 
in  suspension  was  deposited.  In  a  few  days  the  density  of  the 
oil  increased  from  32°  to  29''B6.,  with  a  loss  of  about  12  per  cent. 
of  the  volume. 

The  original  "reducing"  process  consisted  in  the  partial  dis- 
tillation of  the  petroleum,  by  the  careful  application  of  heat,  so 
as  to  bring  it  up  to  the  required  viscosity,  what  were  regarded 
as  superior  lubricating  oils  being  thus  obtained.  In  one  method 
the  petroleum  was  distributed  in  thin  streams  over  sheets  of 
loosely  woven  cloth  suspended  above  troughs  in  a  heated 
chamber.  As  the  oil  ran  down  into  the  troughs,  any  solid 
particles  present  were  retained  by  the  cloths,  while  the  lighter 
portions  of  the  oil  evaporated,  so  that  a  bright  green  odorless 
ml,  said  to  be  of  high  value  as  a  lubricaut,  was  produced. 


'  C3f.  p.  452. 
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The  method  of  reduction  principally  adopted  consisted  in 
partial  evaporation  in  stills,  either  solely  by  direct  heat  or  with 
the  aid  of  steam,  and  sometimes  in  vacuo.  Anything  approach- 
ing destructive  distillation  or  "cracking"  was  carefully  avoided, 
as  it  would  result  in  the  reduction  of  the  viscosity  of  the  product. 
Only  the  benzine  and  a  sufficient  quantity  of  the  heavier  oils 
were  run  off  to  bring  the  residue  to  the  required  density,  which 
was  29**  to  32**B6.  for  oil  for  large  journals  or  those  revolving  at 
moderate  speeds,  or  26^  to  29**B6.  for  small,  high-speed  journals 
or  for  the  interior  of  steam-engine  cylinders.  Peckham^  stated 
that  this  process  was  used  for  a  large  proportion  of  the  lighter- 
grade  oils  of  West  Virginia  and  Ohio,  and  for  the  whole  product 
of  the  Smith's  Ferry  district.  To  quote  him:  "The  latter  oil  is 
very  peculiar,  having  the  color  of  pale  sherry,  without  its  trans- 
parency, and  when  freshly  pumped  has  a  gravity  of  50**B6., 
with  a  much  less  pronounced  and  less  disagreeable  odor  than 
any  other  petroleum  produced  in  commercial  quantities  in  the 
United  States.  When  reduced  with  the  aid  of  steam,  the 
distillate  of  suitable  specific  gravity  for  burning  oil  requires  little 
or  no  treatment  with  acid  or  alkali,  and  the  'reduced'  oil  from 
the  still  preserves  its  amber  color  and  freedom  from  offensive 
odor,  furnishing  a  lubricator  of  very  superior  quality  and  at- 
tractive appearance.'' 

THE  DEHYDRATION  OF  PETROLEUM* 

A  number  of  processes  have  been  patented  for  effecting  the 
dehydration  of  petroleum.  To  cite  some  examples:  Miinster* 
heats  petroleum  above  the  boiling  point  of  water  and  squirts  the 
heated  oil  under  pressure  against  a  turbine  wheel  arranged  in  a 
tube  enlarged  upward  in  box  form,  the  mass  flowing  down  being 
worked  by  stirrers  operated  by  the  turbine  so  that  a  product 
claimed  to  be  anhydrous  flows  down  continuously;  Dittersdorf* 
destroys  the  surface  tension  of  the  emulsion  by  the  mechanical 
action  of  sharp-angled  materials,  such  as  sharp  sand,  iron  turn- 
ings, etc.,  the  emulsion  being  mixed  with  the  sharp  materials  in 

^  "Report  on  the  Production,  Technology,  and  Uses  of  Petroleum  and  Its 
Products"  (10th  Census),  Qxmrt.  Repl.  U.  S.  Bureau  of  Statistics,  10  (1888). 

*  On  the  dehydration  of  tar  for  spraying,  macadam  and  pitch  grouting, 
see  Chambers,  J.  Gas  Ltg.,  132,  261;  and  Wardell,  ihid.^  375. 

»  German  Patent  231222,  Mar.  23,  1910. 

*  Austrian  Patent  2229-11,  Mar.  14,  1911. 


SPECIAL  REFINERY  TECHNOLOGY  529 

a  heated  filter  by  means  of  air  or  a  stirring  device;  and  Stone^ 
heats  a  stationary  body  of  petroleum  sufficiently  to  cause  the 
free  water  to  settle  out,  draws  off  the  oil,  and  then  causes  it  to 
flow  rapidly  oyer  a  metallic  surface  heated  above  the  boiling 
point  of  water,  in  order  to  break  up  the  emulsion.  Then,  too, 
Graaff*  has  worked  out  a  process  for  the  separation  of  water 
from  petroleum  by  heating;  and  the  Dampfkessel-  und  Gaso- 
meter-Fabrik  A.-G.  vorm  A.  Wilke  A  Co.*  has  patented  a  special 
apparatus  for  the  removal  of  water  and  salts  from  crude  mineral 
oil. 

The  electrical  process  of  Cottrell  and  Speed  has  received  some 
attention.^  In  this  process,  after  the  water  that  separates  out 
from  the  petroleum  by  gravity  is  drawn  off,  the  oil  is  pumped 
into  vertical  cylinders  of  special  form,  3  ft.  in  diameter  and  12 
ft.  high,  fitted  inside  and  outside  with  specially  constructed 
electrodes.  A  current  of  10,000  to  15,000  volts  is  then  passed 
through  the  oil,  short-circuits  being  prevented  by  rotation  of 
the  electrodes.  It  is  said  that  the' minute  drops  of  water,  as 
conductors  of  the  current,  arrange  themselves  chain-like  from 
electrode  to  electrode  along  the  electrostatic  lines  and  form 
larger  drops  which  sink  to  the  bottom  of  the  cylinders.*  It  has 
been  reported*  that  the  total  operating  cost  of  this  process  is 
S0.015  per  barrel  of  petroleum  treated  and  that  a  2-treater  plant 
will  handle  1,000  bbl.  per  day. 

Laird  and  Raney^  claim  to  break  up  emulsions  of  petroleum  and 
water  by  passing  the  liquid  upwardly  between  electrodes  and 
suppl3ring  a  high  potential  to  the  electrodes  to  coalesce  the  par- 
ticles of  water  by  the  action  of  heavy  short-circuit  currents; 
the  electric  current  is  interrupted  intermittently  to  allow  the 
water  to  form  into  large  free  globules.  The  same  inventors  have 
also  patented  an  apparatus  for  breaking  up  emulsions  of  petro- 
leum with  water,  electrolytically.' 

In  1912,  the  appearance  of  water  in  the  crude  oil  of  the  Nevada 

^  United  SUtes  Patent  1070555,  Aug.  19,  1918. 

*  German  Patent  248872,  Mar.  25,  1910. 

*  German  Patent  244064,  Jan.  20,  1911. 

^  See  Beazlet,  OU  Age,  1911,  21;  also,  Petrol,  Rev.,  86,  284;  Tratu.  Am. 
Inal,  Min,  Eng.,  43,  514;  and  Weelem  Eng.,  April,  1912. 

*  All  salts  are  said  to  be  removed  along  with  the  water 
•Pdrol,  Rev.,  26,  284. 

'  United  States  Patent  1116299,  Nov.  3,  1914. 
•United  States  Patento  1142759-^60-1,  June  8,  1916. 
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Petroleum  Company,  of  Coalinga,  Cal.,  rendered  necessary  the 
installation  of  a  dehydrating  plant  to  reduce  the  water  below 
the  3  per  cent,  limit  preacribed  by  the  agency.  Hardiaon*  has 
described  the  experiments  which  were  made  in  order  to  deter- 
mine the  most  satisfactory  plan  for  this  purpose. 

The  water  in  Coalinga  petroleum  occurs  both  free  and  as  an 
emulsion.  Free  water  settles  out  readily,  but  the  emulsion 
requires  special  treatment:  since  it  consists  of  globules  of  water 
enveloped  by  an  oil  film,  it  can  only  be  broken  up  by  heating 
the  water  to  at  least  its  boiling  point,  when  an  explosion  occurs, 
destroymg   the   globules.'    After  preliminary  experimentation. 


Hardison  states  that  it  was  concluded  that  exhaust-steam  coils 
could  not  be  used  successfully  for  heating  the  oil  because  the 
temperature  was  not  raised  sufficiently  high,  and  that  the 
temperature  must  be  raised  to  a  point  which  would  generate 
steam,  thereby  liberating  the  water  and  causing  it  to  separate 
from  the  oil.  Accordingly,  a  plant  was  erected,  consisting  of 
brick  walls  lined  with  firebrick,  inside  of  which  were  coils  of  3-in. 
pipe,  through  which  the  oil  was  pumped.  These  coils  were  con- 
structed in  horizontal  rows  of  five  and  six  20-ft.  joints  below  the 

'  Bull.  Am.  Im'.  Min.  Eng.,  1916,  No.  99,  637.  On  the  dehydration  of 
California  petroleum,  see  also  Bbazlby, Il'esfem  Eng,,  1  (1912),  66. 

'  For  a.  consideration  of  water  emiUaiona  in  petroleum,  see  Wbioht, 
[Veslem  Eng.,  1  (1912),  307, 
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arch  and  nine  joints  in  each  of  the  three  rows  above,  54  joints  in 
all.  Furnaces  were  built  on  either  side  of  the  front,  so  that  the 
flames  would  not  come  into  direct  contact  with  the  coil.  The 
heat  from  the  furnace  passes  into  the  lower  compartment,  thence 
to  the  back  and  under  the  arch,  then  through  the  opening  at 
the  back,  into  the  top  compartment  and  out  through  the  stack 
at  the  front  end.  A  receiver  was  erected  for  the  oil  as  it  left  the 
roaster,  the  function  of  which  is  to  separate  the  vapor  from  the 
oil  and  to  recover  the  light  products  that  would  otherwise  pass 
off  into  the  atmosphere  an^  be  wasted.  The  oil  passes  out  at 
the  bottom  of  this  receiver  and  into  the  shipping  tanks;  the  vapor 
passes  out  of  the  top  through  a  coil  submei^ed  in  cold  water, 


no.  181. — Kde  elevation  of  oH-dehydrating  pl&nt. 


where  it  is  condensed  and  from  which  it  is  allowed  to  collect  in 
a  receiving  tank. 

This  plant,  illustrated  in  Figs.  ISO  and  181,  has  proved  a 
complete  success.  Because  the  coils  are  small,  the  solids  from 
the  oil  cannot  precipitate  and  form  blisters.  It  was  operated 
daily  during  1914  without  any  repairs. 

The  cost  of  operating  the  dehydrating  plant  per  100  bbl. 
treated  is  as  follows:  Labor,  75  cts.;  fuel  consumed,  74  eta.; 
steam  consumed,  22  cts.;  total,  $1.71.  The  condensation  per 
100  bbl.  is:  Water,  10.40;  light  oil,  0.43;  total,  10.83.  The 
gravity  of  the  light  oil  is  37.2°B4.  The  oil  before  treating 
showed:  Temperature,  SO^F.;  gravity,  14.8''BiS.;  B.  S.  and  M., 
11,6  per  cent.  The  oil  after  treatment  showed:  Temperature, 
260T.;  gravity,  16.5''B^.;  B.  S.  and  M.,  1.0  per  cent. 
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When  water  is  present  in  a  free  state  in  California  petroleum, 
it  is  sometimes  separated  by  piping  steam  into  a  storage  tank  in 
1-  or  2-in.  coils,  placed  horizontally  4  to  6  in,  from  the  bottom; 
a  temperature  of  100**  to  150**F.  is  generally  suflScient  to  cause 
the  water  to  settle  to  the  bottom,  where  it  is  drawn  from  the 
tank  by  a  valve  placed  for  the  purpose.^  If,  however,  the  oil  is 
emulsified,  one  of  four  systems  is  usually  used:  (1)  the  Cottrell 
process,  described  above;  (2)  dehydration  by  direct  heat;  (3) 
dehydration  by  indirect  heat;  or  (4)  dehydration  by  compressed 
air. 

Most  of  the  methods  of  dehydrating  by  direct  heat  have  no 
provision  for  preventing  loss  by  evaporation,  although  one 
patented  system  is  said  to  overcome  this  objection.*  If  the 
emulsion  is  not  too  refractory,  the  oil  may  be  dehydrated  by 
indirect  heat  in  the  following  manner:  It  is  pumped  into  the 
bottom  of  an  8-ft.  by  20-ft.  tank  through  a  spider  with,  say, 
J^2-iii«  holes.  About  500  ft.  of  2-in.  pipe  are  used  for  a  steam 
coil  and  at  least  10  ft.  of  water  is  kept  in  the  tank.  The  water 
is  maintained  at  a  temperature  of  from  150®  to  200®F.,  and  serves 
to  separate  the  oil  and  water  as  the  petroleum  to  be  dehydrated 
goes  through  it.  The  oil  rises  to  the  top,  and  water  may  be 
run  ofif  whenever  necessary,  in  order  to  keep  a  level  of  about 
10  ft. 

The  Milliff  dehydrating  system  has  been  used  with  success 
in  the  Pacific  Coast  fields.  An  air  pressure  sufficient  to  over- 
come the  weight  of  the  petroleum  is  maintained  by  an  air  com- 
pressor through  a  3-in.  line  which  passes  under  a  boiler  furnace,  at 
which  it  is  heated  to  a  temperature  of  1,000®F.  The  heated  air 
is  conveyed  through  an  insulated  line  to  a  tank  8  ft.  in  diameter 
and  20  ft.  high,  which  it  enters  at  the  base  through  a  spider  with 
four  3-in.  wings  having  yie-in,  holes  and  intermingles  with  the 
oil.  The  water  in  the  petroleum  is  converted  into  steam  by  the 
heated  air  and  simultaneously  the  oil  is  liberated  from  the  emul- 
sion. It  has  been  reported  that  one  set  of  heater  pipes  in  the 
boiler  furnace  served  to  clean  140,000  bbl.  of  petroleum  at  the 
Port  Costa  pumping  station  of  the  Associated  Pipe  Line; 
the  oil  contained  an  emulsion  of  30  to  60  per  cent,  and  tested  less 
than  1  per  cent,  after  treatment  by  the  Milliff  system. 

1  Paine  and  Stroud's  *'Oil  Production  Methods,"  1913,  163. 
» Ibid.,  167. 
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THE  CONTINTJOas  DISTILLATION  OF  PETROLEUM 

A  number  o£  processes  have  been  devised  for  the  continuous 
distillation  of  petroleum,  in  which  oil  is  supplied  to  the  stills  as 
fast  as  the  distillate  passes  off.'  This  system  was  first  put  into 
extensive  practical  use  in  Russia,^  where  it  is  now  largely  em- 
ployed, and  it  is  in  use  by  a  number  of  American  refiners,^ 
particularly  of  the  Gulf*  and  California*  fields. 

It  is  understood  that  the  continuous  system  is  largely  made 
use  of  in  the  refineries  of  the  Gulf  Refining  Company  and  of  the 
Texas  Company,  not  only  for  crude  running  and  steam-stilhng, 
but  also  for  the  distillation  of  lubricating  oils.  While  it  has  been 
maintained  that  continuous  operations  do  not  permit  of  sufficient 
cracking  to  obtain  the  highest  yields  of  light  products,  there 
are  really  few  instances  in  petroleum  refining  where  cracking 
is  a  'qualily  argument.  Refiners  handling  large  quantities  of 
petroleum  are  adopting  more  generally  the  continuous  system, 
for  this  method  has  practically  all  the  advantages  of  economy, 
quality,  and  much  greater  capacity,  and,  in  addition,  lends  it- 
self to  a  much  better  regulation  of  condensing  equipment  and 
uniform  separation  of  the  distillates. 

The  continuous  system  was  first  applied  generally  to  the  fire- 
stilling  of  American  petroleum  in  1899,  by  the  Atlantic  Refining 
Company,  of  Philadelphia,  Pa.,  although  certain  other  com- 
panies had  employed  the  method  in  steam-stilling  prior  to  that 
time.  The  apparatus  for  continuously  distilling  petroleum, 
patented  by  Max  Livingston,'  of  Philadelphia,  Pa.,  was  perfected 
and  wafi  in  operation  in  1899,  at  the  plant  of  the  Atlantic  Refining 

*  On  the  continuous  diBtiHation  of  petroleum,  see  especially  Fobst, 
Dingler's  polyt.  J.,  207  (1873),  263;  Caster,  Petrol.  Rev.,  1  (1S99),  465; 
VON  GbOlunq,  idem,  2  (1900),  130;  Jacobi,  DiagUr's  polyt.  J.,  16B  (1861). 
150;  and  Rosenthal,  Chem.-Zig.,  34  (1910),  1278.    See  also  p.  455. 

'  See  this  section,  p.  550. 

*  The  employment  of  the  continuoua  syBtem  has  been  frequently  attempted 
in  the  Appalachian  field,  but  it  ia  said  that  many  of  the  reaulte  have  been 
unBatisfactory  because  of  the  comparatively  large  araouat  of  dissolved  gas 
contained  in  the  petroleum,  the  liigh  yield  of  illuminating  oil,  and  the  less 
fluid  characters  of  the  residues. 

*  It  may  be  uoted  here  that  the  petroleum  of  the  Gulf  field  possessea  some 
of  the  characteristics  of  Baku  petroleum, 

'  In  1915,  by  the  American  Petroleum  Company,  the  Lob  Angelefl  Oil 
Refining  Company,  and  the  Union  Oil  Company  (see  pp.  506,  508  and  509. 

*  Uoited  SUtee  Patent  728257,  May  10,  1908. 
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Company  in  Philadelpliia,  and  all  continuoua  dUtillation  inataila- 
tiona  now  in  use  in  the  United  States  are  said  to  be  based  upon  the 
form  of  plant  embodying  this  invention. 

The  Livingston  ^paratus. — Livingston's  invention  relates  to 
distilling  apparatus  and  its  object  is  the  provision  of  a  simple, 
safe,  economical,  and  cfScient  apparatus  in  which  the  distillation 
of  crude  petroleum  may  be  carried  on  as  a  continuous  operation. 

In  the  accompanying  illustrations,  Fig.  182  (upper)  is  a  view 
in  top  plan  of  a  battery  of  stills  arranged  in  accordance  with  a 
good  form  of  this  invention.  Fig.  182  (tower)  is  a  view  in  front 
elevation  of  the  stills.  Fig.  183  is  a  view  in  elevation  of  a 
series  of  stills,  the  illustration  being  partly  in  section  and  on  an 
enlarged  scale  aa  compared  with  Fig.  182.     Fig.  184  (upper)  is  a 


Piti.   I8d.~lhc  Livingslon  apparatua  for  continuously  di.'itillins  pi^lriileiim. 
A  viflH  Id  elevullDD  of  h  iFrivii  ot  etUli.  the  illuilrslian  bdog  jisrlly  in  ention  sn<I  uu  sn 

sectional  elevation  of  the  preparatory  still  l,shownin  Fig.  183,  sec- 
tion being  on  the  line  4^  of  Fig,  183.  Fig.  184  {lower)  is  a  sectional 
elevation  of  one  of  the  vaporizing  stills,  for  instance,  that  desig- 
nated 2,  section  being  supposed  on  the  line  5-5  of  Fig.  183. 
Fig.  185  (upper)  is  a  view  of  several  stills,  illustrating  a  modified 
form  of  short  connection.  Fig.  185  (lower)  is  a  detail  of  one  of 
said  short  connections.  Similar  letters  of  reference  indicate 
corresponding  parts. 

In  the  initial  distillation  of  the  crude  petroleum  under  the 
usual  practice,  the  operation  is  carried  on  until  all  the  lighter  oils 
have  been  vaporized,  leaving  the  residuum  to  be  subjected  to 
subsequent  independent  operations.  Livingston's  invention  has 
especial,  although  not  restrictive,  relation  to  this  initial  distilla- 
Uon  of  crude  petroleum,  and  it  is  sought  to  enable  said  distilUr 
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tion  to  be  carried  on  in  as  economical  and  efficient  a  manner  as 
possible,  producing  distillates  of  standard  quality  and  grade,  and 
at  the  same  time  preserving  in  the  residuum  as  large  a  proportion 
as  possible  of  the  constituents  useful  in  by-products.  The  vapors 
given  off  in  this  initial  distillation  are  condensed  and  conducted 
to  suitable  receptacles,  according  to  their  character,  for  further 
operations.  The  number  of  such  receptacles  and  the  subdivision 
or  classification  of  the  condensed  vapors  according  to  their  grades 
or  characteristics,  may  be  extended  as  far  as  may  be  desired,  and 
to  such  end  any  required  number,  large  or  small,  of  stills  and 
condensate  receptacles  may  be  employed. 

In  Figs.  182  and  183  are  the  stills  of  a  series  (1  to  11),  shown  as 
arranged  side  by  side,  on  a  foundation  of  masonry  36,  which  em- 
bodies a  series  of  fire  chambers  12,  one  situated  beneath  each 
still.  Each  still,  with  its  fire  chamber,  is  structurally  independ- 
ent of  every  other,  except  for  the  connections  hereinafter  de- 
scribed. Each  still  is  preferably  formed  as  a  cylindrical  vessel 
of  sheet  iron,  and  placed  upon  its  side  across  the  top  of  its  asso- 
ciated fire  chamljer.  At  the  back  of  the  fire  chambers  of  the 
first  two*  stills  of  the  series  after  No.  1,  are  arranged-  up-takes 
13,  Fig.  184,  discharging  into  a  series  of  flues,  14,  which  extend 
through  the  bodies  of  said  stills  Nos.  2  and  3,  and  discharge 
within  the  smoke  boxes  15,  each  of  which  is  common  to  the  group 
of  flues  of  a  single  still,  from  which  boxes  lead  suitable  smoke 
stacks.  The  remaining  stills  of  the  series  may  be  provided  at 
the  backs  of  the  fire  chambers  with  any  suitable  smoke  stacks 
or  other  conveyors  for  the  products  of  combustion,  by  which  the 
latter  are  discharged  at  any  suitable  point  or  utilized  in  any 
desired  manner — ^the  flues  14,  as  stated,  not  being  ordinarily 
used  in  such  remaining  stills  of  the  series.  The  passage  of  the 
smoke  and  products  of  combustion  through  the  flues  within  the 
bodies  of  the  stills  Nos.  2  and  3,  of  course,  aids  in  elevating 
the  temperature  of  the  oil  in  said  stills  and  thus  economizes  fuel. 
16  are  vapor  pipes  leading  from  the  stills,  and  through  which  the 
vapors  or  distillates  are  conducted  to  suitable  condensers  and 
collecting  tanks  (not  shown).  Still  No.  1,  which  is  termed 
the  preparatory  still,  is  provided  with  an  internal  steam  or  other 
heating  coil  17  (see  Fig.  184),  the  supply  and  discharge  pipes 
18  of  which  pass  through  the  shell  of  the  still,  and  through  which 
coil  is  charged  steam  or  hot  fluid  from  any  suitable  source. 
In  practice  said  coil  17  may  be  supplied  with  exhaust  steam* 
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Said  coil  17  may,  of  course,  be  arranged  in  any  desired  manner. 
It  is  preferably  arranged  with  its  pipes  separated  from  each 
other  by  suitable  interspaces  to  allow  the  free  precipitation  of 
earthy  matter  contained  in  the  oil,  and  may  be  supported  by  any 
suitable  framework,  such  as  shown  in  Fig.  183. 

Referring  now  to  the  pipe  connections,  and  especially  to  the 


FiQ,  184. — The  Livingston  apparatus  (or  continuouelj  distilling  petnilpuni, 

Vpptr. — A  neetlonal  elgntion  ot  the  prepiu-iitory  still  1. 

Lovitr. — A  AADtloDA]  elflviitioa  of  Dneui  thv  vAporinfiE'ttllB.  Farl^utHDca,  Ih&t  dvaicoAtHl  2. 

construction  shown  in  Figs.  182,  183  and  184,  eacth  pipe  con- 
nection connective  of  two  adjoining  stills,  and  which  con- 
nections are  herein  termed  the  short  connections,  is  as  to  the 
portion  of  it  which  exists  outside  of  the  stills,  of  approximately 
U-shaped  form,  to  constitute  a  suitable  trap,  such  U-shaped 
portion  being  designated  19;  and  from  the  respective  side  mem- 
bers of  such  portion  19,  branches  lead  to  the  interior  of  the  two 


1 
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stills  connected,  such  branches  (especially  the  inlet  or  receiving 
branches,  that  is  to  say,  the  branches  into  which  the  oil  flows  as 
it  enters  the  short  connections)  being  provided  within  the 
respective  stills  with  elbows  20,  to  which  regulating  sections 
21  may  be  fitted  and  secured.  As  indicated  in  the  several 
figures,  said  regulating  sections  21  are  in  screw  threaded  con- 
nection with  the  pipe  elbows  20,  from  which  they  may  be  un- 
screwed as  desired.  The  short  connections  located  at  the  rear 
of  the  stills,  to  wit,  the  ends  thereof  appearing  in  plain  view  at 
the  upper  edge  of  Fig.  182,  are  preferably  provided  with  cocks  or 
valves,  by  which  the  flow  of  oil  through  them  may  be  shut  off 


"i 


FiQ.  185. — ^Tho  Livingston  apparatus  for  continuously  distilling  petroleum. 

Upper. — A  view  of  several  atills,  illustrating  a  modified  form  of  short  connection. 
Lower. — A  detail  of  one  of  these  short  connections. 

when  desired.  Those  located  at  the  front  ends  of  the  stills  are 
preferably  not'  so  provided.  22,  23  and  24  are  long  connections, 
arranged,  in  the  embodiment  illustrated,  to  connect  respectively 
stills  7  and  10,  5  and  8,  and  3  and  6.  Except  for  being  pro- 
portionately longer,  the  long  connections  are  shown  as  of  sub- 
stantially the  same  construction  as  the  short  connections  de- 
scribed. 26  is  a  pump  connected  by  the  pipe  25  with  the  last 
still  of  the  series  and  adapted  to  pump  residuum  from  said 
still.  27  is  an  oil  supply  pipe,  connected  with  a  pump  28,  by 
which  the  petroleum  is  charged  to  the  preparatory  still.  30  is  a 
steam  supply  pipe  having  a  branch  31  leading  to  the  bottom  of 
still  No.  2,  to  assist  in  heating  the  oil  in  said  still.     If  desired, 
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braniihes  from  said  pipe  30  may  lead  to  the  other  Btills  of  the 
series. 

Tlie  operation  of  the  apparatus  will  be  readily  understood. 
The  oil,  as  is  well  known,  frequently  contains  more  or  leas  earthy 
matter  and  a  small  percentage  of  water,  "and  the  first  or  pre- 
paratiory  still  ia  therefore  equipped  with  the  heating  coil,  as  de- 
scribed, to  the  end  that  the  oil  charged  into  said  still  may,  as  it 
passes  about  the  pipes  of  the  coil,  be  acted  upon  throughout 
its  body  by  the  heat  radiating  therefrom,  so  that  the  water  will 
be  thoroughly  separated  from  the  oil  and  the  earthy  matter 
■  precipitated.  Any  suitable  cock-eon  trolled  outlet  29  is  provided 
for  drawing  off  the  water  and  the  precipitated  earth  from  the 
bottom  of  the  preparatory  still.  Incidental  to  the  treatment 
of  the  oil  in  the  first  still,  vapor  will  be  formed,  which  will, 
of  course,  pass  oft  through  the  vapor  pipe  16.  The  oil  itself, 
freed  from  water  and  earthy  matter,  passes  continuously  from  the 
preparatory  still  into  still  No,  2,  wherein  it  is  heated  and  the 
lightei"  ingredients  vaporized,  the  vapor  passing  out  through 
the  vapor  pipe  16  of  said  still  No.  2.  From  still  No.  2  the  oil 
continuously  passes  through  the  short  connection  to  still  No.  3, 
wherein  it  is  Bubjected  to  a  suitable  degree  of  heat  and  certain 
of  its  constituents  vaporized,  the  portion  not  vaporized  at 
(he  temperature  maintained  in  said  still  No.  3  passing  through 
the  short  connection  to  still  No.  i,  and  so  on.  The  height  of 
the  receiving  mouths  or  openings  of  the  regulating  pipes  21 
of  the  conpeotions  19,  through  which  the  oil  from  the  individual 
stills  passes  into  such  connections  and  the  succeeding  stills, 
controls,  of  course,  the  liquid  level  in  the  several  stills.  There- 
fore, by  providing  the  elbows  20  at  the  receiving  sides  of  the 
connections  19  with  regulating  sections  21  of  suitable  length, 
the  liquid  level  may  be  maintained  within  the  several  stills 
at  any  desired  graduated  elevations.  This  feature  is  of  im- 
portance. By  arranging  said  liquid  receiving  mouths  of  the 
several  connections  at  successively  lower  levels  in  the  series  of 
stills,  the  liquid  will  be  caused  to  flow  by  gravity  through  the 
series  without  requiring  the  aid  of  a  pump  or  other  artificial 
assistance.  The  feature  of  preserving  a  graduated  liquid  level 
in  the  stills  is,  furthermore,  of  importance  with  respect  to  those 
stills  which  receive  the  heavier  oils  after  the  lighter  oils  have 
been  vaporized.  When,  for  example,  the  oil  has  passed  through 
the  first  few  stills  of  the  series,  and  approximately  50  per  cent. 


540  THE  AMERICAN  PETROLEUM  INDUSTRY 

of  it  has  been  vaporized,  the  oil  remaining  requires  special 
operations  to  secure  the  best  results. 

It  is  desirable  that  the  distillation  shall  be  carried  on  in  such 
manner  as  will  occasion  the  production  of  a  satisfactory  quality 
of  distillates  and  at  the  same  time  avoid  impairing  the  quality 
of  the  residumn.  Accordingly,  when  the  oil  has  been  reduced 
by  the  vaporization  of  approximately  half  its  mass,  it  iS  desirable 
in  operating  upon  it  in  the  remaining  stills  that  the  cubic  space 
above  the  surface  of  the  liquid  in  the  stills  should  be  very  large 
and  that  the  wall  or  walls  of  said  still  or  stills  should  be  remote 
from  the  direct  action  of  the  fire. 

By  reason  of  the  high  heat  to  which  the  oil  is  subjected,  the 
vapors  produced  in  a  given  still  in  the  vicinity  of  the  latter  end 
of  the  series  may  include  not  only  the  particular  vapors  which  it 
is  desired  to  produce  by  the  vaporization  of  the  oils  in  said  still, 
but  also  a  certain  amount  of  the  heavier  products  or  constituents 
which  it  is  desirable  to  have  retained  in  the  residumn;  and  said 
heavier  products  or  constituents  would,  in  the  absence  of  special 
provision  to  the  contrary,  pass  out  through  the  vapor  pipe  from 
said  still,  with  the  result  that  the  vapor  S9  passing  out  would 
not  be  of  required  quality,  and  the  mass  of  residuum,  which  is 
received  in  and  is  pimiped  from  the  last  still  of  the  series  for 
further  operations  in  other  apparatus,  would  be  deprived  of  valu- 
able characteristics  Accordingly,  in  operating  upon  such  oil, 
Livingston  prefers  to  maintain  only  such  quantity  of  it  in  a  still  as 
will  fill  it  about  one-third  full,  so  that  large  vapor  spaces  above 
the  liquid  levels  exist  in  the  last  stills  of  the  series.  The  vapors 
formed  rise  in  such  vapor  spaces  and  circulate  through  them  and 
about  them  and  in  contact  with  the  upper  walls  of  the  stills, 
which  are,  as  stated,  out  of  contact  with  the  fire,  with  the  result 
that  such  of  the  heavier  products  naturally  belonging  in  the 
residuum  as  are  carried  up  into  the  vapor  spaces  referred  to, 
will,  in  circulating  about  therein,  becoming  slightly  cooler,  fall 
back  into  the  liquid  and  be  transported  to  the  next  still  and  so  on. 

The  operation  of  distilling  is  designed  to  be  carried  on  in  this 
apparatus  until  a  heavy  residuum  remains,  and  this  residuum  is 
pumped  from  the  last  still  or  last  several  stills  and  conveyed  away 
for  special  operations — among  which  are  included  operations  for 
separating  it  into  sundry  valuable  products. 

"When,  after  continued  use  of  the  apparatus,  one  or  two  of  the 
stills  have  accumulated  a  deposit  of  coke  and  it  is  desired  to  clean 
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them,  this  may  be  done  without  interruption  ot  the  operation  of 
the  apparatus  as  a  whole,  as  will  be  readily  understood.  If, 
for  example,  it  is  desired  to  clean  out  stills  Noa.  6  and  7,  the 
cocks  in  the  two  short  connections  19  between  stills  5  and  6 
and  7  and  8,  respectively,  are  to  be  closed;  thereupon  said  stiils 

6  and  7  are,  so  to  speak,  cut  out  and  isolated.  The  cocks  in  the 
long  connection  23  are  opened.  Thereupon,  in  the  operation  of 
the  apparatus,  the  liquid  from  the  still  5,  instead  of  discharging 
through  the  connection  19  into  still  6,  discharges  through  said 
long  connection  23  past  stills  tj  and  7  and  into  still  8,  and  from 
still  8  into  still  9,  and  80  on.  When  the  connection  is  established 
"through  the  connection  23,  as  will  be  understood,  the  stills  6  and 

7  are  no  longer  included  in  the  working  aeries,  and  the  oil  from 
said  stills  may  be  run  off,  the  fires  extinguished,  and  any  desired 
matter  of  cleaning  or  repair  attended  to.  After  the  two  stills 
cut  out  of  operation  for  cleaning  or  repair  have  been  given  what- 
ever attention  in  such  connection  may  be  necessary,  they  are 
each  supplied  with  a  body  of  oil  at  an  ordinary  temperature. 
The  fires  are  then  started  beneath  them,  and  the  bodies  of  oil 
wilt,  of  course,  be  gradually  increased  in  temperature,  and  the 
vaporization  proceeded  with.  When  the  oil  in  said  stills  has 
become  heated  to  a  high  temperature  and  the  liquid  levels 
therein  are  approximately  the  levels  at  which  the  oil  is  ordinarily 
maintained  in  said  stills,  the  cocks  are  opened  in  the  two  short 
connections  by  which  said  two  stills  are  connected  to  the  two 
adjoining  stills  and  the  cocks  in  the  long  connection  are  closed. 

It  will,  of  course,  be  understood  that  the  oil  is  continuously 
supplied  to  the  preparatory  still,  ^nd  that  its  flow  through  the 
successive  stills  is  ordinarily  continuous.  The  vaporization 
contemporaneoasly  proceeds  in  all  the  stills  of  the  series  as  the 
oil  flows  tlu'ough  them,  each  still  being  maintained  at  that 
particular  heat  which  experience  has  demonstrated  to  be  best 
adapted  for  producing  the  particular  distillate  obtainable  from 
its  contents.  From  the  single  battery  of  stills  a  constant  flow  of 
distillate  is  maintained  through  all  the  distillate  pipes  to  the 
receptacles  in  which  they  terminate.  The  cocks  in  the  short 
connections  are  only  used  when  it  is  desired  to  cut  out  of  opera:- 
tion  two  of  the  stills  as  referred  to,  being  then  employed  to  cut 
off  such  two  stills  from  communication  with  their  neighbors. 
The  arrangement  of  the  connections  is  such  that  those  con- 
nections 19,  which  occur  at  the  front  of  the  apparatus,  are  the 
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connections  which  unite  among  others  the  individual  members 
of  the  respective  pairs  of  stills  which  are  at  times,  as  explained, 
cut  out  of  operation  by  pairs.  As  there  is  no  necessity  for  cutting 
oflf  connection  between  the  two  members  of  such  a  pair,  the 
connections  which  unite  the  members  of  such  respective  pairs 
are  not  provided  with  cocks  and  are  placed  at  the  front  of  the 
battery  of  stills. 

The  advantage  of  this  arrangement  is  that  all  the  cocks  in  the 
short  connections  are  arranged  at  the  rear  of  the  stills,  where  the 
heat  is  considerably  less  than  at  the  front. 

As  explained,  the  heating  mechanism  or  fire  chamber  of 
each  still  is  controllable  independently  of,  and  is  unaffected 
by,  those  of  the  other  stills,  and,  as  a  result  of  this  arrange- 
ment, the  different  stills  may  be  maintained  constantly  each 
at  its  own  temperature  such  as  will  insure  the  best  results. 
The  arrangement  of  the  fire  chambers,  regulating  sections  21, 
and  stills  is  such  that  the  fire  and  products  of  combustion  cannot 
come  into  contact  with  the  walls  of  the  stills  above  the  level 
of  the  liquid  therein.  This  is  especially  important  where  oil  of 
the  grade  termed  50  per  cent,  oil  and  oils  below  such  percent- 
age are  being  operated  upon,  inasmuch  as  it  enables  the  still 
walls  above  the  liquid  level  to  remain  at  a  comparatively  low 
temperature,  to  occasion  the  cooling  off  of  the  vapor  and  to  pro- 
mote decomposition. 

In  the  form  of  apparatus  shown  in  Fig.  185  is  shown  a  modified 
arrangement  of  short  connections.  The  short  connections  therein 
referred  to  are  designated  32,  and  these  correspond  in  general 
location  and  arrangement  with  the  short  connections  19,  shown 
in  plan  view  in  Fig.  182,  connecting  successive  pairs  of  the 
stills  at  alternately  opposite  ends  thereof.  Each  short  con- 
nection 32  is  at  its  respective  extremities  provided  with  branches 
which  lead  into  the  interiors  of  the  respective  stills  connected. 
The  receiving  branch  of  each  such  connection  is  at  its  inner 
end  provided  with  a  vertically  arranged  feeder  pipe  33,  the 
upper  end  of  which  extends  to  a  point  above  the  desired  liquid 
level  in  the  still  in  which  it  is  situated,  and  the  other  to  a  point 
in  the  vicinity  of  the  bottom  of  said  still.  Both  ends  of  feeder 
pipes  33  arc  open,  and  the  bodies  of  these  pipes  are  in  direct 
communication  with  the  interiors  of  the  receiving  branches 
of  the  short  connections  32.  In  this  construction  the  oil  is  taken 
from  the  bottom  of  the  several  stills  to  supply  the  succeeding 
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BtUle.  The  preferred  form  of  short  connection,  however,  is  that 
shown  with  the  two  righ1>hand  stills  of  Fig.  183,  in  which  the 
receiving  regulator  pipe  21  of  each  is  equipped  with  a  sleeve 
35,  encircling  it  and  making  a  liquid-tight  connection  with 
the  reeei^ng  branch.  This  sleeve,  which  acts  as  a  feed  con- 
troller, is  open  as  to  both  ends,  one  end  extending  into  the  vapor 
space  above  the  liquid  level,  and  the  other  to  a  point  near  the 
bottom  of  the  still. 

In  this  arrangement,  while  the  liquid  level  inside  the  sleeve 
will  be  the  same  as  that  outside,  all  liquid  within  the  sleeve  will 
gain  access  thereto  through  its  lower  end,  and  all  liquid  drawn 
from  the  still  through  the  pipe  21  will  thus  be  taken  from  the 
bottom  of  the  still.  The  mouth  of  the  pipe  21  constitutes  the 
outlet  from  the  still  and  controls  the  liquid  level  therein  to  the 
extent  that  the  liquid  is  not  in  the  ordinary  operation  of  the 
apparatus  drawn  down  to  a  level  below  that  of  said  mouth. 

Other  Processes  of  Continuous  Distillation.'— White,  as  indi- 
cated aljove,  the  continuous  distillation  of  petroleum  received 
its  real  industrial  impetus  from  the  successful  operation  of  the 
apparatus  invented  by  Livingston,  this  system  has  attracted 
attention  in  the  United  States  since  1860,  in  which  year  a  patent 
was  granted  to  D,  S.  Stombs  and  Julius  Brace  for  certain  im- 
provements in  the  distillation  of  coal  oil  (Fig.  186).  This 
invention  was  described  as  "an  improved  method  or  process 
for  separating  the  various  products  contained  in  crude  coal 
oil  or  other  oils  by  a  continuous  successive  distillation,  in  such 
manner  that,  on  the  operation  being  once  commenced  and 
a  freah  supply  of  crude  oil  regularly  maintained,  a  simulta- 
neous discharge  of  several  qualities  of  oils  and  of  other  products, 
by  a  simple  process,  may  be  continued  for  an  indefinite  period  of 
time  without  any  interruption,  and  without  any  care  or  trouble 
of  removing  the  products  from  one  receptacle  to  another,  or  of 
clearing  the  distilling  vessel  of  the  residuum,  the  same  being 
performed  by  regular  transference  of  the  unfinished  material  from 
one  retort  to  anothcir,  and  the  final  discharge  of  the  last  waste 
product  from  the  last  retort  in  the  apparatus  without  any 
mechanical  aid  whatever,  the  fluid  discharging  itself  by  the  regular 
working  of  the  apparatus." 

•  No  attempt  in  made  to  include  ocpounta  of  all  Bystpms  and  processes 
proposed,  but  rather  to  point  out,  hiBtori cully,  the  course  of  invention  in 
this  field,  both  in  the  United  States  and  in  Europe, 
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In  the  use  of  the  apparatus  described  in  their  epecification, 
Stombs  and  Brace  direct  that  crude  oil  is  to  be  delivered  into 
still  A,  through  the  pipe  A,  until  the  level  of  the  oil  reaches 
the  point  of  discharge  of  the  pipe  D  into  the  retort  B.  The 
still  A  is  then  heated  to  170°  to  200"  (presumably  degrees  C.) 
80  as  to  vaporize  the"  more  volatile  products,  which  pass  through 
the  pipe  H  to  the  condenser.  Wtien  this  volatilization  has 
been  effected,  a  further  quantity  of  crude  oil  is  slowly  intro- 
duced through  the  pipe  A.  The  crude  oil  already  in  the  still 
having  had  its  specific  gravity  raised  by  the  elimination  of  it- 


Fia.  186. — The  continuouH  still  of  Stombs  and  Brace. 

more  volatile  constituents,  the  fresh  oil  will  float  upon  its  sural 
face,  and  will  there  be  subjected  to  a  process  of  fractional  di&-J 
tillation.  As  the  level  of  the  oil  in  still  A  becomes  raised  by  the  1 
introduction  of  fresh  crude  oil,  the  heavier  oil  will  begin  to  flowJ 
into  still  B,  through  the  pipe  D.  Still  B  should  then  be  heated  « 
to  about  300°  (presumably  degrees  C),  and  from  it  a  product  of  J 
higher  boiling  point  than  that  obtained  from  still  A  will  pasal 
away,  through  the  pipe  L,  to  the  condenser.  When  still  B  has] 
thus  become  filled  so  that  a  portion  of  its  contents  is  flowing  intc 
still  C,  the  latter  should  be  heated  to  incipient  redness,  audi 
products  of  higher  boiling  point  than  those  yielded  by  still  £tj 
will,  in  like  manner,  pass  through  the  pipe  M  to  the  condenser<  \ 
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When  still  C  has  become  filled  to  a  sufficient  height,  the  discharge 
of  the  residuum  through  the  pipe  F  will  commence,  and  the 
whole  process  will  thereafter  be  continuous,  as  long  as  the  supply 
of  fresh  crude  oil  to  still  A  is  maintained  and  the  stills  are  kept 
at  the  requisite  temperatures. 

The  patent  of  A.  H.  Tait  and  J.  W.  Avis,  granted  in  1867, 
pertained  to  "improvements  in  apparatus  for  distilling  petroleum, 
etc."  (see  Fig.  187).  In  the  specification  of  Tait  and  Avis 
the  apparatus  was  described  as  consisting  "mainly  of  a  still 
divided  by  one  or  more  partitions  into  two  or  more  compart- 
ments, which  commimicate  with  each  other  at  the  top  by  suit- 
able openings  for  the  vapors,  and  at  the  bottom  by  openings 
for  the  liquid."  The  openings  at  the  top  are  provided  with 
gates  or  cocks  "to  shut  off  the  communication  and  divide  the 
light  from  the  heavy  vapors,  so  as  to  pass  each  oil  into  its  ap- 
propriate condenser." 

"The  compartments  next  to  the  fire  are  also  provided  with 
gates  or  valves  to  the  openings  at  the  bottom,  so  that,  on  clos- 
ing these,  the  compartment  may  be  cleaned  out  without  emptying 
the  entire  still.  The  crude  oil  is  admitted  to  the  compartment 
farthest  from  the  fire,  and  the  compartment  nearest  to  the  fire 
is  connected  by  a  pipe  with  coking  retorts,  in  which  the  refuse 
or  heavier  parfa  of  the  oil  are  subjected  to  a  final  distillation." 

A  represents  the  still,  divided  by  partitions,  a,  into  compart- 
ments, b,  b',  6',  b",  b*,  t*.  The  crude  oil  is  admitted  from 
the  supply-tank,  B,  into  the  first  compartment,  b,  which  is 
farthest  from  the  furnace,  and  it  passes  from  this  compartment 
to  the  succeeding  compartments  through  apertures,  c,  in  the 
lower  parts  of  the  partitions,  a,  the  apertures  being  so  situated 
that  the  oil  is  compelled  to  run  through  the  still  in  a  zigzag 
course.  In  the  upper  parts  of  the  partitions,  a,  are  openings,  d, 
for  the  passage  of  the  vapor,  and  these  openings  are  fitted  with 
valves,  c,  e',  furnished  with  handles,  /,  p.  From  the  com- 
partments, b'  and  b-,  rise  pipes,  g,  g^,  provided  with  stop-cocks, 
and  each  of  these  pipes  is  connected  with  one  of  the  condensers, 
C  or  C.  If  the  valve,  e,  is  closed,  the  vapor  from  the  first  two 
compartments,  6,  i',  passes  through  the  condenser,  C,  and  the 
vapor  from  the  other  compartments  through  the  condenser, 
C.  But  if  the  valve,  e,  is  opened,  and  the  valve,  e',  is  closed,  the 
vapor  from  the  compartments,  6,  fc',  b'\  b',  can  be  made  to  pass 
through  either  of  the  condensers  by  means  of  stop-cocks.    The 
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Fia.  187. — The  continuous  etill  of  Tait  and  Avis, 
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apertures,  c,  in  the  last  three  partitionsj  a,  are  provided  with  gates, 
t,  t',  i',  provided  with  handles,  j,  j\  p.  By  closing  the  gate,  «', 
the  liquid  is  prevented  from  passing  into  the  compartmentB,  6*, 
6*,  b',  which  are  nearest  to  the  fire,  and  these  compartments  can 
be  readily  cleaned  without  interrupting  the  operation  of  the 
remaining  compartments.  Similarly,  by  closing  the  gate,  t', 
the  laat  two  compartments,  b',  b*,  can  be  cleaned;  and  if  it  is 
desired  to  clean  the  last  compartment,  b',  only,  the  gate,  i^,  is 
closed,  the  compartment,  b',  being  brought  into  direct  communica- 
tion with  the  compartment,  b,  by  means  of  a  pipe,  fc,  situated  on 
the  outside  of  the  still.  This  pipe  is  provided  with  stop-cocks, 
i,  i',  and  is  connected  with  the  discharge-pipe,  m.  It  is  claimed 
that  the  liquid  from  the  first  compartment  can  thus  be  run 
directly  into  the  last  compartment,  and  the  specific  gravity  of 
the  product  obtained  from  these  compartments,  as  well  as 
from  the  remaining  compartments,  can  in  this  way  be  "regulated 
and  equalized."  The  compartment,  b',  communicates  through  a 
pipe,  n,  with  the  coking  stills,  E,  E,  which  are  provided  with  a 
separate  furnace.  The  vapor  from  the  coking  stills  passes  to 
the  condenser,  F. 

The  invention  claimed  in  the  patent  secured  by  S,  A.  Hill 
and  C.  F.  Thumm  in  1S70,  for  "improvements  in  apparatus  for 
distilling  hydrocarbon  oils"  (see  Fig.  188),  is  described  as 
consisting  in  "so  constructing  and  arranging  a  series  of  stills 
with  relation  to  each  otiier  that  the  oil  will  flow  over  the  bottom 
of  the  stills  in  a  thin  and  continuous  sheet,  with  a  different  degree 
of  heat  applied  to  the  bottom  of  each  still;  and  in  so  arranging 
the  connection  between  the  several  stills  that  the  flow  of  oil 
through  one  or  more  of  the  stills  may  be  cut  off  from  the  other 
Btilb  in  the  same  series." 

According  to  the  specification  of  Hill  and  Thumm,  A  and  B 
are  large  separating  and  heating  stills,  used  for  the  purpose  of 
separating  water  from  the  oil,  distilhng  off  the  very  volatile 
hydrocarbons,  and  heating  the  oil.  ji^  is  a  range  of  furnaces 
under  the  stills.  A  and  B  are  supplied  with  oil  through  pipes, 
w,  and  are  furnished  with  vapor  pipes,  x^,  which  may  be  con- 
nected with  condensers.  Near  the  bottom  of  the  stills,  A  and 
B,  are  two  pipes,  h  and  i,  connected  to  the  pipe,  g,  which  com- 
municates with  the  stills,  C,  D,  E,  and  F,  by  means  of  pipes,  k, 
I,  m,  and  n.  These  pipes  are  provided  with  sfop-cocks,  as  shown 
in  the  illustration.     At  the  opposite  end,  the  stills,  C  and  D, 
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and  B  and  F,  are  respectively  connected  by  means  of  the  pipes, 
0  and  p,  which  are  placed  close  to  the  bottom.  The  stills,  C, 
D,  E,  and  F,  have  vapor  pipes,  x,  which  communicate  with  con- 
densers. In  carrying  out  the  process  of  distillation  with  the 
apparatus,  oil  is  first  introduced  into  the  stills  A  and  B,  where 
the  water  is  separated  from  it.  After  the  oil  has  been  heated  to 
about  ISCF.,  the  valves,  1,3,  and  2,  of  the  pipes.  A,  g,  and  i, 
are  opened,  and  the  oil  is  thus  allowed  to  flow  from  still.  A,  over 
the  bottom  of  still,  C,  thence  throi^h  the  pipe,  p,  into  still,  F, 


^    Ins  K^ 


Fia,  188. — The  continuous  still  ot  Hill  snd  Thumm, 

passing  over  the  bottom  of  each  still  in  a  thin  and  continuous 
sheet,  and  being  subjected  to  a  gradually  increasing  heat. 

The  apparatus  of  Samuel  Van  Syckel'  was  operated  at  one 
time  in  a  refinery  in  Buffalo,  N.  Y.  This  installation  consisted 
of  a  series  of  stills,  the  supply  of  oil  to  which  was  automatically 
controlled  by  means  of  a  float  in  the  feed  tank.  From  the  first 
still  naphtha  was  obtained,  while  the  other  two  yielded  illu- 
minating oil,  the  residue  being  removed  from  the  last  still. 

In  the  arrangement  of  James  Cole,  Jr.,*  a  series  of  connected 
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stills  were  maintained  at  carefully  graduated  temperatures; 
the  apparatus  of  Rycroft  and  Mason^  consisted  of  a  vertical 
coiled-pipe  retort  containing  as  many  chambers  as  the  desired 
number  of  fractions,  the  successive  sections  being  divided  by 
partitions/ each  a  little  below  the  preceding  one  and  arranged 
in  separate  spaces  of  the  furnace;  and  Pielsticker  claimed  a  process 
wherein  the  oil,  contained  in  a  tank,  was  heated  by  a  steam 
coil  and  was  forced  by  a  pump  or  steam  injector  into  an  iron  coil, 
contained  in. a  cylinder  filled  with  metal  or  salt  of  known  melting 
point,  or  embed4ed  in  loosely  fitting  channels  made  in  a  block  of 
iron,  heating  being  accomplished  in  both  cases  by  a  furnace.^ 

The  system  of  continuous  distillation  was  adopted  by  Nobel 
Brothers,  owners  of  one  of  the  most  important  of  the  Baku 
refineries,  in  the  production  of  illuminating  oil  in  1883,  and  was 
later  used  by  the  same  firm  in  the  manufacture  of  lubricating 
oils.  According  to  the  system  employed  (see  Fig.  189),  the  oil 
flows  through  a  series  of  fourteen  or  sixteen  stills  heated  to  suc- 
cessively higher  temperatures;  before  entering  the  first  of  these 
stills,  the  crude  oil  passes  through  a  "fore-warming"  still,  in  which 
the  temperature  is  raised  to  200°C.,  and,  in  its  passage  through 
the  stills,  the  oil  is  further  heated  gradually,  leaving  the  last  still 
at  a  temperature  of  300**  to  320'*C.*  Another  continuous  distilla- 
tion apparatus  which  has  been  used  in  Russia  is  that  of  Schukov, 
Intchik  and  Bary;*  this  consists  of  a^metallic  vessel  fixed  above 
an  ordinary  still  and  divided  by  a  nimiber  of  flat  pans  into  a 
series  of  compartments  in  which  constant  temperatures  are 
maintained.  The  apparatus  of  Alexieev,*^  in  which  the  super- 
heated steam  ordinarily  used  is  replaced  by  light  hydrocarbons, 
the  more  volatile  products  obtained  in  the  distillation  of  pe- 
troleum being  separately  collected  and  pumped  back  into  the 

still,  has  not,  according  to  Veith,"  worked  successfully  in  the  Baku 

< 

1  See  United  States  Patent  339545  of  1886,  and  English  Patent  249  of 
1891. 

*  English  Patent  6466,  Apr.  28,  1890. 

'  On  the  Nobel  distilling  battery,  see  Gadaskin  and  Popich,  J,  Ruas. 
Phya.-Chem,  Soc.y  44,  1715. 

*  Veith's  *'Das  Erdol,"  1892;  Mem.  Imp.  Russ.  Tech.  Soc.y  May,  1889. 
'  On  this  system,  see  Meiro,  Zap.  Imp.  Russk.  Tekhn.  Obsch.j  24  (1890), 

December,  p.  1. 

*Loc.  cU,  Cf.  French  Patent  379521,  July  3, 1907,  of  Wells,  wherein  an 
absorbent  gas  is  used  to  carry  over  the  vapors  of  the  oils  in  the  order  of  their 
boiling  points. 
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refineries  in  which  it  has  been  tried.  Fig,  190  shows  a  battery 
of  illuminating  oil  stills  in  use  in  Galicia  about  1890. 

About  1900  it  was  recognized  among  many  European  refiners 
that  the  continuous  system  possessed  definite  advantages  over 
the  intermittent  system  of  distillation.  For  instance,  there 
was  the  saving  of  fuel,  through  the  non-necessity  for  cooling 
down  and  reheating  the  stills,  and  owing  to  the  manner  of  setting 
the  stills  in  brickwork;  moreover,  the  waste  heat  was  employed 
for  preliminary  heating.  It  has  been  ascertained  that  an 
equable  temperature  could  be  ensured  by  having  a  large  heating 
surface  and  maintaining  the  oils  at  a  constant  level. 

However,  an  objection  to  continuous  distillation,  based  on  the 
adverse  experience  gained  in  Kumania  with  petroleum  con- 
taining benzine,  was  that  the  benzine  could  not  be  so  effectually 
removed  at  the  beginning  of  the  process  aa  to  give  products  of 
equal  fla-shing-point  with  those  furnished  by  intermittent  stills.* 
Von  Grolling  claimed  that  this  was  obviated  by  the  Grolling- 
Estlander  system,  in  which  the  heat  of  the  stills  is  utilized  for 
preliminary  heating  and  predistilling,  and  the  still  is  connected 
with  a  plate  dephlegniating  column  of  special  construction, 
de phlegm ating  condenser,  and  final  condensers.*  A  water 
injector  controls  and  reduces  the  pressure  at  the  top  of  the  plate 
column,  and,  by  its  water  spray  condensing  the  volatile  gases, 
ia  said  to  prevent  considerable  loss;  a  vessel  for  the  separation  of 
the  condensed  vapor  and  the  water  is  provided,  and  the  liquid 
of  lower  boiling  point  is  removed  from  the  ba.se  of  the  plate  col- 
umn, direct  steam  or  a  steam  jacket  being  used  at  this  point  ofi 
heating. 

The  process  of  E.  A.  Barbet'  for  the  continuous  rectification  of,' 
petroleum  and  volatile  hydrocarbons,  is  of  more  than  passing 
interest.  The  crude  oil  is  passed  through  a  series  of  heaters  and 
column  stills,  fitted  with  condensers  and  means  for  collecting  and 
reboiiing  the  various  fractions;  the  light  oils  are  eliminated  first, 
then  the  illuminating  oils,  and  finally  the  heavy  oils  are  cracked 
and  the  fractions  are  separated  in  a  column  apparatus.  Barbet 
has  also  devised  a  simplified  apparatus  for  separating,  by  a 
continuous  process,  four  fractions  boiling  below  ISO^C.  and  an 

'  Parol.  Ind.  Ttxhn.  Rev.,  2,  130. 

*See  French  Patent  322789,  July  4,  1902;  and  English  Patent  29705, 
Dec.  21,  1910. 
'French  Patent  322265,  June  7,  1903. 
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illuminating  oil,  and  for  cracking  the  heavy  oil  not  distilled;' 
it  eompriaes  a  tubular  heater  with  an  inclined  grate  for  decorapOB- 
ing  the  heavy  oils,  a  large  boiler  communicating  with  a  fractionat- 
ing column,  and  condensers  and  coolers  for  the  products."  A 
later  patent  of  Soc.  E.  Barbet  et  Fils  et  Cie'  relates  to  the  con- 
tinuous fractional  distillation  of  petroleum  by  passage  through 
a  series  of  bulk  evaporators,  maintained  at  successively  increamng 
temperatures  and  under  the  same  pressure.  The  apparatus  is 
BO  arranged  that  the  vapors  generated  in  an  evaporator  work- 
ing at  a  higher  temperature  are  employed  for  heating  the  evap- 
orator at  the  next  lower  temperature,  the  vapors  being  made 
to  circulate  below  the  evaporator  heated  by  them  in  the  oppo- 
site direction  to  that  taken  by  the  liquid  circulating  in  that 
evaporator. 

Other  patented  processes  of  continuous  distillation  are  the 
following:  That  of  Josef  Fischer,*  in  which  the  various  con- 
stituents are  passed  horizontally  and  independently  between 
beating  partitions;  the  process  of  Eugen  Wernecke,*  wherein 
direct-fired  cast-iron  apparatus  comprises  an  obconic  exteriorly 
heated  distillation  chamber,  provided  on  its  inner  walls  with  eupe 
formed  of  replaceable  rings  decreasing  in  size  from  the  top  to  the 
bottom  and  having  taps  from  which  the  liquids  of  different  specific 
gravity  may  be  drawn  oti;  and  the  apparatus  of  Crolbois,'  which 
consists  of  superposed  hollow  vessels,  externally  heated  and  so 
arranged  that  the  liquid  is  caused  to  flow  in  a  film  over  the  inner 
surface  of  the  upper  part  of  the  veasel  before  arriving  at  the  lower 
part. 

The  specifications  for  a  continuous  "topping"  plant  have 
been  published  by  Prutzman  in  the  California  Derrick,  3,  Nos.  1 1 
and  12. 


"First  addition,  .late.1  Dee.  1,  1W6,  to  French  Potent  322265,  June  7, 
1B03. 

■  The  crude  oil  ia  admittjjd  to  the  fractionating  column  some  distance 
above  the  base,  and  three  fractions  are  drawn  off  from  the  upper  part  of  the 
column.  The  lightetit  product  ia  obtained  from  tlio  vapor  not  condensed  ia 
the  column,  llluminnting  oil  ia  drawn  off  below  the  inlet  for  crude  oil  or 
from  the  boiler  itself,  and  the  non-volatile  reaidue  fiaaoea  to  the  tubular 
heater. 

»  English  Patent  0088,  Apr.  9,  1914. 

*  German  Patent  18W26,  June  21,  1906. 
»  German  Patent  201372,  Apr.  28,  1907. 

•  English  Patent  7391,  Mar.  24,  1911. 
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THB  *'  CRACKING ''  PROCSSS 

The  so-called  "cracking"  process,  which  was  noticed  by 
Silliman  in  1855  and  was  again  "accidentally  discovered" 
in  1861,^  may  be  said  to  consist  in  distilling  petroleum  or  its 
products  at  a  temperature  higher  than  the  normal  boiling 
points  of  the  constituents  which  it  is  desired  to  decompose. 
Such  a  result  may  be  effected  by  distillation  under  pressure  or 


Fig.  191. — Air  condenser  for  cracking  still. 

by  allowing  the  condensed  distillate  to  come  into  contact  with 
a  highly  heated  surface,  by  which  means  comparatively  heavy 

>  See  Peckham,  Am.  J.  Sci.,  (2),  47  (1869),  9;  Siluman,  Am.  Chemist^  2 
(1871),  18  and  20;  Lebt's  "Petroleum  Distillation,"  New  York,  1S84;  and 
Aisinmann's  "Die  Destruktive  DestiUation,"  p.  3.  According  to  Leet,  a 
workman  in  charge  of  a  16-bbl.  still  at  Newark,  N.  J.,  built  a  "strong  fire" 
under  the  still  after  about  half  its  contents  had  been  distilled  off  and  left 
with  the  intention  of  returning  within  an  hour.  It  was  not,  however,  until 
after  4  hr.  that  he  returned  to  the  refinery,  and  he  then  found  that  a  light- 
colored  distillate,  of  lower  gravity  than  that  which  was  being  obtained  when 
he  left,  was  issuing  from  the  condenser.  As  the  result  of  experiments  to 
which  this  discovery  led,  it  was  found  that  a  portion  of  the  distillate  had 
condensed  upon  the  cooler  upper  part  of  the  still,  and  had  dropped  back  into 
the  still,  where  the  temperature  was  sufficient  to  cause  its  dissociation  into 
products  of  lower  boiling  point.  These  and  other  similar  observations  soon 
led  to  the  setting  of  stills  with  the  upper  parts  wholly  uncovered,  so  that  the 
desired  partial  condensation  could  occur  and  thus  convert  the  less  valuable 
intermediate  hydrocarbons  into  kerosene  in  the  manner  described. 
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oils  may  be  made  to  undergo  dissociation  into  specifically  lighter 
hydrocarbons  possessing  lower  boiling  points. 


Fig.  192. — Air  condenser  for  cracking  stilL 


Fig.  193. — Air  condenser  for  cracking  still. 

It  is  almost  impossible  to  decompose  heavy  petroleum   oils 
without  the  production  of  more  or  less  low-boiling  hydrocarbons, 
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no  matter  what  method  is  employed,  provided  a  suitable  tem- 
perature— say  380°  to  450''C. — prevails  somewhere  in  the  series 
of  operations.  The  principal  difficulty  in  large  scale  operations 
is  the  deposition  of  coke. 

The  earlier  attempts  to  effect  the  conversion  of  heavy  pe- 
troleum hydrocarbons  of  high  boiling  points  into  lighter,  more 
volatile  products  were  conducted  in  most,  if  not  all,  cases  with 
the  object  of  increasing  the  yield  of  illuminating  oil.  In  fact, 
the  "cracking"  process  has  been  extensively  employed  in  pe- 
troleum refineries  for  converting  intermediate  hydrocarbons  into 
kerosene,'  and  a  large  number  of  arrangements  for  carrying  out 
the  process  have  been  proposed  and  patented.' 

A  cylindrical  cracking  still  having  a  total  capacity  of  about 
200  bbl.,  has  been  used  in  certain  American  refineries.  Figs. 
191,  192,  and  193  show  forms  of  an  air  condenser  combined  with 
a  water-cooler  wliich  have  been  employed  in  connection  with 
such  stills.  The  vapors  pass  from  A  to  B  and  thence  through 
the  water-cooler  C. 

A  cast-iron  still  of  the  type  used  in  Russia  in  conducting  the 
cracking  process,  is  shown  in  Fig.  194.  It  is  in  the  form  of  a  cast- 
iron  cylinder  with  a  hemispherical  bottom,  having  an  outlet 
provided  with  a  cock,  through  which  the  residue  may  be  removed. 

» It  has  been  etetod  (see  Vbith'b  "Dm  Erddl,"  1892)  that,  when  cracking 
IB  conducted  in  uncovered  atilla  (see  preceding  footnote),  the  product  is  not 
ideulical  with,  and  probably  not  equal  in  quality  to,  the  natural  dialillatfi. 
It  is  asserted  that  such  oil  is  inferior  in  Ught-giving  power  and  more  readily 
acquires  a  dark  color  on  keeping.  It  is  said  that  the  odor  of  the  cracked  oil 
is  stronger,  and  that  in  the  chemical  treatment  a  much  larger  quantity  of  sul- 
phuric acid  is  required.  The  cracking  does  not  commence  until  after  the 
more  volatile  products,  includiDg  the  diatillate  from  which  high-test  oils 
having  a  fire  teat  of  from  120°  to  150°F.  are  made,  have  been  obtained.  The 
fires  are  then  damped,  and  the  distillation  continued  slowly,  to  permit  of  the 
neceaaary  condensation.  During  the  cracking,  a  conHideralilo  quantity  of 
permanent  gas  is  evolved,  and  this  is  usually  burned  beneath  the  still.  See 
pp.  455  and  724. 

*  The  earliest  pal«nt  directly  bearing  on  the  subject  is  English  Patent  334fi 
of  1S65,  issued  to  James  Youno  for  certain  "improvements  in  treating 
hydrocarbon  oils."  In  this  patent,  the  distillation  is  described  as  being 
conducted  in  a  vessel  having  a  loaded  valve  or  a  partially  closed  stop-cock, 
through  which  the  confined  vapor  escapes  under  any  desired  pressure. 
Under  such  conditions,  distillation  takes  place  at  higher  temperatures  than 
the  normal  boiling  points  of  the  constituent  hydrocarbons  of  the  oil,  and  a 
partial  cracking  results.  The  patent  was  taken  out  for  the  treatment  of 
shale  oil,  a  pressure  of  about  20  lb.  to  the  square  inch  being  recommended. 


J 


SPECIAL  REFINERY  TECHNOLOGY 


557 


Iq  Bome  caaes  distillation  is  carried  to  dryness,  the  coke  being 
then  removed  through  a  manhole.  When  superheated  steam 
is  employed  in  the  distillation,  as  is  sometimes  the  case,  the 
coke  is  of  a  somewhat  soft  nature  and  consequently  does  not 
adhere  firmly  to  the  Btill.  The  crude  oil,  or  residue  from  a 
previous  distillation,  la  placed  in  the  still  and  heated,  at  first 
gently,  to  volatilize  any  water  present  and  thus  prevent  "prim- 
ing," or  "bumping,"  and  then  to  a  higher  temperature  to  distil 


o£f  the  more  volatile  oils.  Finally,  the  crju^kiug  jjrocoRB  com- 
mences, the  heating  being  regulated  by  the  dampers  according 
as  lighter  or  heavier  distillates  are  required.'  A  suitable  de- 
phleginator  is  used  to  collect  and  return  or  remove  the  heavy 
oils  which  are  carried  over  during  the  distillation. 

>  To  save  room  and  time  in  the  preliminary  heating,  it  is  usual,  when  the 
distillation  is  nearly  completed,  to  refill  the  still  without  removing  the  re«i- 
due;  but  it  is  said  thnt  this  should  not  bo  done  too  often,  or  the  coke- 
incrustation  may  beconie  excessive,  the  distillation  being  thus  retarded  and 
thl^  still  injured  by  overheating.  The  dimeDsiotiH  of  the  still  vary  consider- 
ably,  but  the  height  is  generally  two  or  two  and  a  half  times  the  diameter. 
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The  preparation  of  gasoline  and  kerosene  from  heavier  hydro- 
carbons has  been  considered  at  some  length  by  Brooks,  Bacon, 
Padgett  and  Humphrey,^  from  whose  report  much  of  what  foUowa 
haa  been  taken. 

The  Production  of  Gasoline  and  Kerosene  by  "Cracking." — 
The  "cracking"  of  heavy  hydrocarbons  by  heat  is  to  be  regarded 
as  simply  an  instance  of  the  general  rule  that  organic  com- 
pounds are  decomposed  by  heat.  It  is  well  known  that  the 
simpler  petroleum  hydrocarbons  are  stable  at  much  higher 
temperatures  than  those  of  higher  molecular  weight.  Every 
refiner  knows  that  certain  crudes  "crack"  more  easily  than 
others,  which  fact  is  to  be  accounted  for  by  the  presence  of 
hydrocarbons  of  different  constitution.*  In  the  case  of  the  simpler 
hydrocarbons  which  have  been  studied,  it  is  known  that  oiefines 
are  in  general  les3  stable  to  heat  than  saturated  hydrocarbons 
of  the  same  molecular  weight,  and  naphthenes  are  usually  more 
stable  than  paraffins.  Normal  hexane  and  the  more  stable 
methyl  cyclopentane  are  good  examples  of  the  latter  types. 
It  was  to  be  expected,  therefore,  that  attempts  would  be  made 
to  produce  gasoline  from  heavier  hydrocarbons  by  heat  de- 
composition at  temperatures  somewhat  higher  than  those  em- 
ployed for  the  production  of  kerosene  by  cracking.  A  large 
number  of  recent  patents  seek  to  attain  this  end.'  The  fatal 
difficulty  with  processes  of  this  class,  operating  at  atmospheric 
pressure,  is  the  large  per  cent,  of  olefines  contained  in  the  re- 
sulting gasoline.  This  figure  will  vary,  when  the  oil  is  simply 
subjected  to  heat  at  atmospheric  pressure,  from  20  to  50  per 

■  J.  Ind.  Eng.  Chem.,  7  (1915),  ISO.  For  a  detailed  resume  of  the  cracking 
and  dietUlation  of  petroleum  uader  pressure,  see  Brooks,  J.  Frank.  Iml., 
D«p.,  1D16,  B.')3-72;  anil  on  the  pyrogenesis  of  hydrocarbons,  see  J.  Ind, 
Eng.  Chem.,  9  (1917),  879-902.  On  Raaoline  from  eynthetia  crude  oil,  see 
SfTBLLi-VO,  Siiff.  Am.  Inst.  Min.  Eng.,  1916,  No,  100,  005. 

'  On  this  point,  see  ZtwiHECKi,  Z.  ange^B.Chem..  1897, 619.  On  the  stability 
of  paraffin  hydrocarbons,  %eo  Eolofp  and  Moons,  .Wet.  Chem.  Eng.,  16 
(1917),  47. 

■  On  increasing  the  available  supply  of  gaaoline  by  cracking  and  for  a 
statistical  review  of  the  question  of  Basolino  supply,  see  BnoosB,  J.  Ind.  Eng. 
Chem.,  7  (1915),  176.  On  the  production,  composition,  properties  and  uses 
of  petrol  and  its  8ubstitul«a,  see  Lewes,  J.  Roy.  Soc.  Aria,  63  (1915),  767, 
773  and  792.  On  gasoline,  see  also  p,  870;  and  on  petrol,  see  p 
the  history  of  cracking  and  the  Hall  cracking  process,  see  Cbandlbh,  Met 
Chem.  Eng.,  13  (1915),  779;  /.  Ind.  Eng.  Chem.,  8  (1916),  73.  On  the 
general  methods  of  cracking  petroleum  oils,  see  Ellis  and  Wells,  J.  Ind. 
Eng.  Chem.,  7  (1016),  1029.  For  a  select  bibliography  of  the  pyrogenia 
reactions  of  hydrocarbons,  see  Rjttuah  and  WmxAKEK,  TechniaU  Paper 
laO,  Bureau  o/  Mines,  1916,  14-15. 
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cent.,  depending  on  the  temperature  at  which  the  oil  is  cracked. 
The  maximum  per  cent,  of  olefines  demanded  by  the  Bimple 
general  equation,  RCHi  -  CHa  -  CHtRi  -^  RCHj  +  CHs  = 
CH.Ri,  is  seldom  attained  owing  to  other  reactions,  such  as 
polymerization  of  the  olefines  and  the  formation  of  naphthenes. 
Gasoline  made  by  cracking  under  atmospheric  pressure  the 
heavier  portion  of  Oklahoma  crude,  i.e.,  the  part  left  after 
distilling  off  the  gasoline  and  kerosene,  in  such  a  way  as  to 
condense  and  return  to  the  .still  all  but  gasoline  and  naphtha, 
showed  a  content  of  olefines  of  approximately  28  per  cent.,  as 
indicated  by  the  iodine  number  and  loss  to  ordinary  sulphuric 
acid.  Consequently  a  nmnber  of  patents  have  been  issued 
covering  processes  which  seek  to  hydrogcnaf  e  the  olefines  formed. 
It  has  been  proposed'  to  hydrogenate  the  olefines  by  placing  a 
catalyst,  such  as  platinum  or  palladiiun,  in  the  still,  but  this 
process  is  not  being  operated  for  obvious  reasons.  Several 
proposed  processes  claim  the  cracking  of  heavy  hydrocarbons 
in  the  presence  of  sf«am  and  iron.  The  method  patented  by  Ihe 
New  Oil  Refijiing  Process  Company,  Ltd.,'  requires  the  passing 
of  petroleum  and  steam  through  a  retort  containing  scrap  iron 
at  540°  to  650°C.  The  processes  proposed  by  Adams,'  Green- 
street,'  Hyndman,'  and  Turner'  specify  the  cracking  of  heavy 
oil  at  higher  temperatures  (Greenatreet  and  Hyndman  specify 
a  "cherry  temperature")  in  the  presence  of  steam  alone.  The 
claim  has  been  made  that  the  water  is  converted  into  carbon 
monoxide  and  hydrogen,  the  latter  effecting  hydrogonation  of 
the  olefines  produced.  Testelin  and  Renard'  vary  this  by  pass- 
ing the  vapors  of  oil  and  steam  over  a  red-hot  layer  of  clay 
or  alumina.  Vernon  Boya'  passes  the  oil  and  steam  mixture 
through  heated  tubes  containing  nickel  rods.  Lamplough' 
cracks  in  the  presence  of  steam  and  in  contact  with  nickel  in  a 
retort  maintained  at  a  dull  red  heat.     Moeller  and  Woltereck'" 

»  Uuited  StjitcB  Patent  826089,  July  17,  1906. 

'French  Patent  451471,  Dec,  1918;  English  Pat«nt  28460,  1911; 
English  Patents  20074  and  20075,  Sept.  3, 1912;  Fngliah  Patent  13672.  1908. 

'  Pdrol.  Gat.,  1910,  No.  7,  2. 

•  United  States  Palont  1110925;  English  Patent  16462,  July  13,  1912 
»  French  Patent  4624S4.  Sept.  11.  1913. 

•  French  Patent  45U62,  1912. 

»  German  Patent  268176.  Oct.  12,  1913. 
»  Mtt.  Chem.  Eug.,  1914,  180. 
•English  Patent  19702,  Aug.  28,  1913. 
»« English  Patent  16611,  July,  1913. 
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pass  oil  and  steiuu  through  tubes  containing  coke  at  600°  to 
700°C.  Sabatier  and  Mailhe^  convert  crude  petroleum,  etc., 
into  hydrocarbons  distilling  below  SOOT,  by  passing  the  vapors 
over  catalyzing  metals  in  a  state  of  di\'ision  in  contact  with 
metals  or  alloys  of  metals  of  the  nickel  scries  maintained  at  a 
temperature  varying  from  300°?.  to  bright  red,  None  of  the 
above  processes  is  being  operated  on  a  large  scale  in  this  country 
at  the  present  time. 

Another  method  of  subjecting  the  heavy  petroleum  hydro- 
carbons to  the  higher  temperatures  required  to  produce  the 
desired  increased  yields  of  gasoline  is  heating  or  distilling  under 
pressure.  It  is  known  that  unsaturated  hydrocarbons  are  con- 
densed to  saturated  hydrocarbons  by  the  action  of  heat  and 
pressure.  Ipatiew^  showed  that  ethylene,  probably  the  moat 
stable  of  the  olelinea,  could  be  converted  into  a  mixture  of  liquid 
hydrocarbons  at  325°C,  and  70  atmospheres  pressiire.  At  380" 
to  400''C.  the  reaction  was  sufficiently  rapid  to  cause  a  fall  of 
5  atmospheres  per  minute  in  the  pressure  of  the  closed  apparatus. 
Engler  and  his  collaborators  have  ahown^  that  amylene  and 
hexylene  yield  saturated  compounds  of  the  naphthene  type  by 
heating  under  pressure.  It  is  therefore  to  be  expected  that 
naphthenea  will  be  found  in  gasoline  and  kerosene  made  by 
pressure  distillation  of  heavier  hydrocarbons;  indeed,  this  has 
been  shown  by  Engler.' 

In  regard  to  the  pressure  distillation  processes  which  have  been 
proposed,  the  older  ones  sought  to  increase  the  yield  of  kerosene, 
since  gasoline,  in  the  days  of  such  early  patents  as  those  of 
Benton,  was  of  very  little  value.  In  the  present  discussion, 
only  the  more  important  processes  are  mentioned.  In  1869, 
Peckham*  claimed  to  have  obtained,  by  distilling  under  20  lb. 
pressure,  as  much  as  60  per  cent,  illuminating  oil  of  specific 
gravity  0,810  from  a  California  crude  oil  yielding  20  per  cent. 
kerosene  of  the  same  quality  when  distilled  in  the  usual  manner 
at  atmospheric  pressure,  Thorpe  and  Young'  obtained  from 
paraffin,    by   heating   at   a    "high    pressure"    and   subsequent 

'  United  States  Patent  1124333,  Jan-  12,  1916. 

'BeT.,  44  (1911),  2978. 

>Ibid,,  42  (1909),  4610,  4613,  4620;  43  (1910),  38S. 

•  Enoler,  ibid,  33  (19O0),  2915;  Nastydkov,  J.  Rugs.  Phyi.-Chtm. 
36  (1904),  881;  Kraues  and  Spilker,  Ber.,  33  (1900),  2265. 

•  CKem.  Newt,  1860,  1S3;  Am.  J.  Sei.,  (2),  47,  6. 

•  Proc  Roy.  Soc.,  IB  (1871),  370;  SO  (1872),  488;  91  (1873),  184. 
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fractionation,  a  light  oil  shown  to  contain  pentane,  hexane, 
beptane,  octane  and  no  nan  e, 

A  few  patented  processes,'  including  the  recent  ones  of  Teatelin 
and  Renard/  subject  oil  to  heat  and  pressure  and  distil  the  liquid 
after  the  pressure  is  released.  Testelin  and  Renard  seek  to 
avoid  the  deposition  of  carbon,  always  obtained  when  oil  or  oil 
vapor  is  passed  through  a  heated  pipe  coil,  as  in  some  of  the 
earlier  processes.  This  they  propose  to  do  by  uniformly  heat- 
ing the  pipe  coil,  containing  the  liquid  oil,  to  a  temperature  not 
exceeding  450°C.,  by  submerging  the  coi!  in  a  bath  of  lead  at 
the  desired  temperature,  A  sufficient  pressure  Is  maintained 
on  the  heated  oil  to  keep  it  in  a  liquid  state.  The  process 
patented  by  Clark'  describes  pumping  the  oil  through  heated 


Fio.   195.— The  apparatus  of  Benton 


pipes,  collecting  the  hot  oil  in  a  receiving  drum  where  distilla- 
tion imder  pressure  is  permitted.  The  older  patents  of  G.  L. 
Benton*  also  emlxidied  the  principle  of  subsequent  distillation 
after  release  of  the  pressure,  but  heated  the  pipe  coils  directly 
by  a  flame.  The  process  of  Benton  consisted  in  pumping  "the 
refuse  of  petroleum  oil,  tar  oils,  and  other  heavy  mineral  oils," 
under  a  pressure  of  285  lb,  or  more  to  the  square  inch,  through 
a  series  of  pipes  heated  in  a  furnace,  and  allowing  the  producta 

'ScKUKov  and  Gwiuwiv,  Z,  angew.  Chem.,  1893,  231. 
■  Reivard,  Enelish  Patont  3413,  Feb.  10,  1913. 
•United  States  Patent  1119496,  Dec.  1,  1914. 

'  United  States  Patent  342564  and  342565,  May  2fi,  1886.    On  Benton's 
apparatus,  see  J.  Ind.  Bng.  Chen.,  7  (1915),  673. 
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to  escape  into  a  vapor  chamber.  The  apparatus,  which  was  said 
to  produce  lighter  hydrocarbons  (kerosene)  from  the  products 
specified,  is  illustrated  in  Fig.  195.  It  consists  of  a  series  of 
pipes,  B,  heated  by  means  of  a  furnace,  A,  and  commuoicating 
on  one  side  with  a  force-pump,  T,  and  on  the  other  with  a  vapor 


'inn^ 


CZ3 

Fia.  19C.— Tlio  Dewar-Redwood  atill. 

The  lowrr  pDiliou  of  the  figure  ia  ■  sectional  plnn  on  the  line  XX.     A  an  fireplue,  irith 
dre-dooT,  A't  and  ashpit  duor,  A^,  suited  for  rcaulatin^  the  sdmEuian  of  air  u  required, 

',  whiehis  encioKd  nithin^a  rofractoiy  rMingrC''^o''n"mtect'th"'nio1a/f 'om  tiT^ivl'lotAi 
heating.  The  encaned  retort  ig  gitustcd  in  a  hcating-chambT.f'.iTilo which thshotprod- 
ucla  orcombmilioa  sirend  by  aide  porta,  B;  and  from  ohich  they  pau  by  central  porta,  S<, 
a  Buoj  B'.  communicating  with  n  chinmey,  /I'.     The  Iront  part  of  tbo  retort  Ccommuoi- 


«V»ilha 


tilt-h. 


;dbya 


..;"[  ei 


c  retort,    fl  u  a  pipe-coil  eitufiled  in  a  tai 

_.    Thaujipi-rendof  thecoili^camniunical..- 

by  ft  pipe  n-ith  tlie  slilt-bead  C,  and  ita  lower  end  opetu  into  s  lioLlow  eolumn,  D',  which  ia 
provided  with  a  Klua  gauge.  D<,  and  has  at  the  botlum  an  outlrt-pipe.  D\  Furniahed  with  m 
atopcuek  or  valve.  £  is  a  pump  fnr  forcing  the  oil  to  bo  treated,  by  a  pipe,  E',  into  Iha 
retort  C,  this  pipe  prefcrsbly  eitending  lo  the  further  end  ul  the  retort.  By  another  inpr, 
E:.  fuiniahcd  with  a  coufc  or  valvr.  tho  eonlcnti  of  the  retort  con  be  drawn  oH,  or  thto  up* 

ao  as  to  form  a  series  uf  any  rciuircd  naiiibtt.  ^  1*  an  ^r-eomiireiving  pump,  by  which  ait 
or  suitable  gaa  ia  forced  by  a  pipe,  Pi,  intn  theatiU-head  C'l-or  it  iiiisht  beinlaanyotherpart 
of  the  apparatus  which  is  in  conimunlcMinn  with  the  atlll^iciid.    The  rrtort  f  being  putljr 

charged  with  wl  by  the  pump  £,  and  theanacps  in  the  Ittoit  C,  in  the  Btili-head  C>,  aad  InO* 
coodcneinti-eoil,  D.  and  thr  eoluniD  D'.  being  charged  with  air  or  ga>  at  the  desired  preuure, 

through  the  coil  c'ancftfae  liauid  diatillate  ooliecUin  the  column  h',  aod  is  drawn  oofeithsr 
eontinuously  or  intermittently. 
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chamber,  C,  which  may  be  heated  or  partially  exhausted, 
The  pressure  is  regulated  by  a  stop  valve,  g,  &  weighted  check 
valve,  q,  being  also  provided.  The  unvolatilized  liquid  passes 
from  the  chamber  C  at  h,  and  the  vapor  traverses  a  condenser,  H. 
As  regards  actual  distillation  under  pressure,  a  number  of 
early  patents  describe  the  manufacture  of  illuminating  oils 
by  the  use  of  low  pressures.  Thus  Young'  stipulated  pressures 
of  10  to  20  lb-  per  square  inch.  ICrey'  recommended  2  to  4 
atmospheres  and  claimed  to  obtain  a  distiUate  of  a  specific  gravity 
of  0.820  (yield  not  given).  Boleg*  recommended  pressures  of 
3  to  4  atmospheres  and  stated  that  pressures  of  4  to  6  atmospheres 
yield  more  "illuminating  oil"  but  less  "lubricating  distillate" 
than  the  lower  pressure.     Dewar   and   Redwood*   devised   an 


o 

^^_Yi£li^tGs«^ 

K 

ScRaJneLou 

»»  60  8010020* 

oeogoaoo            so 

tSo- 

( 

*)• 

refining,  by  1/lOth  volume  concentrated  aulphuric  auid. 

apparatus  (see  Fig.  196)  for  distilling  petroleum  under  pressure, 
which  is  the  general  arrangement  now  employed  on  a  larger  scale 
by  a  later  patentee.  Dewar  and  Redwood,  however,  did  not 
state  what  pressure  gave  the  results  desired,  nor  did  they  advocate 
their  process  as  one  suitable  for  manufacturing  gasoline. 

The  foregoing  brief  review  outlines  the  "state  of  the  art" 
prior  to  the  patent  of  Bacon  and  Clark.*  The  latter  patent 
specifies  the  distillation  of  heavy  petroleum  oils  between  pressures 
of  100  and  300  lb.     The  advantages  of  the  range  specified,  so 

» Engiiah  Patent  3345,  Dec.  27,  1866. 

'  German  Patent  37738,  1886. 

'  Chem.  Res.  FcU-HuTZ-lnd.,  »  (1898),  24. 

«  United  States  Patents  419931,  1890,  and  426173,  1601 ;  English  Patenta 
10277,  1889,  13016,  1690,  and  1^971,  1891. 

'  United  States  Patent  U014S2.     Under  Int.  Conv.,  May  6,  1912. 
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far  as  increased  yirids  of  gnwolinf  are  concerned,  are  brought  out 
Ijy  the  resukfl  represented  graphically  in  Fig.  197.  The  yields 
given  are  not  the  mayimnm  obtainaUe,  but  represent  compara- 
tive results  c€  a  series  of  experiments  obtained  by  distilling  a 
given  quantity  of  Oklahoma  reduced  oil  at  a  uniform  raie  from 
the  same  apparatus  at  the  different  pressures  indicated. 

The  effect  of  pressure  in  diminishing  the  per  cent,  oi  defines 
in  the  gasoline  obtained  is  a  noteworthy  feature  of  these  results. 
The  same  effect  is  very  strikingly  shown  in  the  recent  results  of 
Whitaker  and  Rittman^  on  the  effect  of  pressure  in  the  ^-ield  oi 
Oluminants  in  ofl  gas.  At  900^C.,  Whitaker  and  Rittman  ob- 
tained from  a  given  quantity  of  oil  122  liters  of  illuminants  at 
0.75  lb.  pressure,  50  liters  at  atmospheric  pressure  and  15.5 
liters  at  45  lb.  (absolute)  pressure.  They  were  also  able  to  show 
that  at  temperatures  of  750^  to  SOO^C.  the  addition  of  hydrogen 
to  the  gas  mixture  has  the  effect  of  partiall3'  hydrogenating  the 
defines,  and  that  this  reaction  takes  place  more  readily'  as  the 
l^essure  on  the  system  is  increased.  Ipatiew^  has  made  the 
interesting  observation  that,  in  the  distillation  of  petroleum 
under  pressure,  at  the  higher  pressures  the  evolved  gases  become 
continually  poorer  in  hydrogen  in  spite  of  the  higher  tem- 
peratures required  to  maintain  the  higher  pressures.  The  pres- 
sures employed  by  Ipatiew  were  120  to  340  atmospheres.  Brooks, 
Bacon,  Padgett  and  Humphrey  found  the  following: 

Tabus  LL — Gases  fbom  Cracking  Distillations  under  100  LiB.  Pressure 


Hmmplt  number 


Tcmp<;rature  in  still 

CO, 

340*»C. 
1.2 
1.2 

415*C. 
0.5 
0.5 

15.3 
4.0 

79.7 

422**C. 
0.0 
1.3 

13.0 
4.4 

81.3 

417°C. 
0.0 
0.0 

25.4 
0.3 

74.3 

432°C. 
0.0 

37.0 
0.0 
0.9 

62.1 

437^C. 
0.0 

CO 

33.5 

IlluminantH 

15.4 

0.0 

Hydroffcn 

0.0 

3.0 

Batu rated  hydrcKjarhonH 

81.5 

63.5 

The  analyw^H  in  Table  LI.  (a)  were  made  of  the  gases  evolved 
during  a  crarking  distillation  of  a  reduced  oil  prepared  by  remov- 
ing from  Jennings  crude  all  constituents  boiling  below  265**C. 

*  J.  IruL  Eng,  Chem.,  6  (1914),  479. 
» Ben,  87  (1904),  2969. 
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Sample  I  was  taken  as  soon  as  100  lb.  pressure  had  been  reached. 
Sample  II  was  collected  after  40  per  cent,  of  the  charge  had  been 
distilled,  and  Sample  III  after  75  per  cent,  had  distilled. 

The  liberation  of  hydrogen  from  petroleum  hydrocarbons  at 
various  temperatures  has  been  studied  by  Engler  and  hia 
students,'  They  obtained  no  hydrogen  below470°at  atmospheric 
pressure  from  kerosene  fractions  boiling  below  280°O.  The  libera- 
tion of  hydrogen  from  different  hydrocarbons  at  a  given  tem- 
perature depends  somewhat  on  their  constitution.  Thus,  benzol 
yields  appreciable  quantities  of  hydrogen  only  at  temperatures 
above  500=0. 

The  work  of  Brooks,  Bacon,  Padgett  and  Humphrey  indicates 
that  if  hydrogenation  of  the  hquid  olefines  takes  place  during 
distillation  under  pressure,  it  occurs  simultaneously  with  their 
initial  formation.  A  sample  of  cracked  naphtha,  having  an 
iodine  number  of  55.0,  was  heated  to  196°C.  with  hydrogen 
for  30  hr.  under  3,000  lb.  pressure  per  square  inch.  The  iodine 
number  and  refining  loss  with  sulphuric  acid  were  practically 
xmaffected,  the  iodine  number  of  the  final  product  being  52.9, 
Results  closely  parallel  to  these  were  obtained  by  Edmund  0. 
Rhodes,  in  the  laboratory  of  the  Mellon  Institute  of  Industrial 
Research,  working  with  liquid  fatty  oils.  The  apparatus  era- 
ployed  was  a  steel  bomb  connected  with  a  solenoid  stirrer  con- 
structed as  described  by  Stucker  and  Enduli,* 

Ubbelohde  and  Woronin'  showed  that  in  the  presence  of 
nickel,  hydrogen  was  split  off  from  a  Baku  crude  oil  at  as  low  a 
temperature  as  180°C.  The  results  of  Zelinsky*  with  platimmi 
as  a  catalyst  show  that  dchydrogenation  at  temperatures  above 
300°C.  in  the  presence  of  platinum  ia  to  be  expected,  Oatromis- 
lenski  and  Buryanads'  showed  that  in  the  presence  of  nickel  a 
Russian  crude  oil  gave  only  coke,  40  per  cent.,  and  gas  at  tem- 
peratures between  600-700'C.,  no  tar  or  liquid  i>eing  obtained  at 
all.  Furthermore,  the  gas  contained  72  to  75  per  cent,  of 
hydrogen  and  the  remainder  consisted  of  saturated  hydrocarbons. 
These  facts  are  quite  significant  in  view  of  the  proposed  crack- 
ing processes  of  Vernon  Boys,  Lamplough  and  others,  who  intro- 

'Enoleh  and  HijfEn,  "Das  ErdOl,"  1,  574. 

■2.  EUktTochem..  1913,  5TQ. 

•Pe«roie«m,  7  (IQll),   9  and  334. 

•Ser.,  46  (1912),  3678. 

»y.  Sugg.  Phye.-Ckem.  Soc,  13  (1910),  195. 
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duce  nickel  into  the  cracking  zone.  A  series  of  experiments 
were  made  by  Brooks,  Bacon,  Padgett  and  Humphrey,  at  at- 
mospheric pressure  and  at  temperatures  of  500-550°C.,  employ- 
ing various  catalytic  substances.  Kerosene  and  solar  oil  vapors 
passed  through  an  iron  tube  containing  burned  clay,  carbon, 
coarse  and  finely  divided  iron,  coarse  and  finely  divided  copper, 
heated  to  the  above-named  temperature,  yielded  gasoline  frac- 
tions, which  showed  an  olefine  content  of  approximately  25  to 
30  per  cent.  When  nickel  was  employed,  the  per  cent,  of  olefines 
in  the  gasohne  product  was  48  per  cent. 

The  effect  of  nickel  in  increasing  the  per  cent,  of  olefines,  when 
operating  at  atmospheric  pressure,  opens  up  the  question  of  the 
effect  of  foreign  substances  on  the  polymerization  of  olefines  and 
the  effect  thereon  of  different  physical  factors.  The  percent- 
age of  olefines  indicated  in  the  above  figure  does  not  repre- 
sent the  minimum  obtainable  even  without  the  addition  of  a 
"catalyst." 

The  claim  is  made  by  Burton'  that  by  placing  the  preaeure- 
controlling  valve  beyond  the  condenser  so  as  to  condense  the 
volatile  gasoline  vapors  produced  by  distilling  heavy  petro- 
leum oils  imder  about  75  lb.  pressure,  olefines  are  not  produced; 
whereas,  if  the  pressure  controlUng  valve  is  placed  between  the 
still  and  condenser,  olefines  are  found  in  the  condensate  to  such 
an  extent  as  to  render  the  latter  process  of  doubtful  commercial 
utility.  Brooks  and  his  co-workers  felt  that  if  olefines  could  some- 
how be  squeezed  together  or  polymerized  by  75  lb.  pre^siu-e  in  a 
condenser  containing  cold  water,  this  fact  would  be  an  interest- 
ing contribution  to  science;  but  the  experiment,  noted  above,  ia 
which  a  cracked  petroleum  naphtha  was  heated  for  30  hr.  at 
ISe^C.  under  3,000  lb.  pressure  per  square  inch  practically  with- 
out change  (iodine  number  reduced  from  55.0  to  52.9),  seemed  to 
render  such  a  reaction  as  Burton  describes  improbable.  Brooks, 
Bacon,  Padgett  and  Humphrey  accordingly  prepared  several 
gallons  of  gasoline  by  distilling  Oklahoma  "reduced"  oil  at 
approximately  80  lb.  pressure,  in  one  case  with  the  valve  between 
the  stni  and  the  condenser,  and  in  another  experiment  with  the 
still  and  condenser  in  free  communication,  so  as  to  condense 
the  vapors  under  pressure,  all  other  conditions  remaining  the 


'  United  States  Patent  1049687.     Under  Int.  Conv.,  July  3,  1913.    The  i. 
Burton  process  is  described  on  p.  573. 
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Gasoline 
Per  cent,  refining  loaa  by  5  per  cent,  tiono.  HiSOt..  .7.9  8.0 

Percent,  refining losa  by  5  per  cent,  "oleum" 12.2        12.0 

Kerosene,  boiling  point  302-392T. 
Per  cent,  refining  loaa  by  5  per  cent,  "oleum" 9.0  8.0 

In  I  the  valve  was  interposed  between  the  stilt  and  condenser; 
and  in  II  the  still  and  condenser  were  in  free  communication, 
the  control  valve  being  beyond  the  condenser.  These  results 
seem  to  verify  the  opinion  expressed  above. 

Dewar  and  Redwood'  specified  clearly  that  they  condensed 
the  distillate,  obtained  in  their  process,  under  pressure.  In 
United  States  Patent  726173,  they  make  the  statement:  "For 
this  purpose  we  arrange  a  suitable  boiler  or  retort  and  a  condenser 
in  free  communication  with  one  another,  without  interposing 
any  valve  between  them;  but  we  provide  a  regulated  outlet  for 
-  condensed  liquid  from  the  condenser,"  Aside  from  the  above 
noted  discovery  as  claimed  by  Burton,  it  is  difficult  to  find  any 
novelty  in  his  patent.  The  operating  pressures  specified  by 
Burton  are  4  to  5  atmospheres.  Boleg'  described  distillation 
under  4  atmospheres  pressure,  and  in  1886  Krey*  published  the 
results  obtained  by  distiUing  various  crude  oils,  heavy  oils  and 
residues  under  pressures  of  3  to  6  atmospheres.  Engler*  con- 
firmed the  claims  of  Krey,  but,  like  Dewar  and  Redwood,  Engler 
and  Krey  did  not  discover  the  remarkable  effect  of  the  position 
of  the  pressure-controlling  valve,  as  referred  to  above. 

It  has  been  pointed  out  that  the  results  presented  in  Fig.  197 
do  not  represent  the  maximum  yields  of  gasoline  or  the  minimum 
percentage  of  olefines  obtainable  in  the  gasoline  distillates  made 
by  distilling  under  pressure.  Brooks,  Bacon,  Padgett  and 
Humphrey  did  not  point  out  the  optimum  working  conditions 
of  the  process.  However,  in  the  patent  of  Bacon,  Brooks  and 
Clark'  it  has  been  shown  that  the  ratio  between  the  volume  of  the 
oil  heated  and  the  area  of  the  heating  surface  of  the  apparatus 
employed  is  an  important  factor.  This  relation  may  perhaps  be 
more  clearly  understood  if  it  is  stated  that,  other  conditions 
remaining  the  same,  cracking  does  not  occur  throughout  the  maea 

'  Loc.  eU. 

'Chem.  Rev,  FeU-Hari-Ind.,  9  (ISflS),  24. 

*  German  Patent  3T72S,  1880. 

*B«r..  30  (1897),  2919. 

'  UniteJ  States  Patent  11^1309,  Mar.  9,  191B. 
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of  heated  oil,  but  that  the  cracking  effect  produced  in  a  given 
quanlity,  in  a  given  lime,  will,  vjilkin  certain  limits,  be  approxi- 
mately proportional  to  the  heated  surface  in  contact  vnth  Oie  oil. 
It  is  obvious  that  distilling  slowly  will  have  approximately  the 
same  effect  a&  increasing  the  relative  area  of  heated  surface. 
Another  fact  brought  put  in  this  process  is  that  the  depositiou  of 
coke  on  vertical  heating  surfaces  is  very  much  less,  one-third 


flu.    I'JS.— A|il.:,r-:iHi-i  l.:.!,'nk-<l  hv  LiwiK 

^                                1 

uhioh  dolivorB  (K)  to  the  ncul  ™mparlmEnt.     -To  enauro  aleody  wor 
[•ravldad  b«n»lh  uoh  cand^uer,  witb  means  ID  for  drawins  dO  waur 

■  Dg."  a  trap  Hi  il 
[rotD  Ibe  diatillat^ 
«ad  (K-). 

to  one-fifth  of  the  amount  deposited  on  the  upper  side  of  a  h 
zontal  surface,  such  as  an  ordinary  atill  bottom,  in  a  given  lengl 
of  time. 

Under  higher  pressiu-es,  such  as  200  lb.  per  square  inch,  i 
having  boiling  points  above  300°  are  almost  completely  prevent* 
from  distilliug  at  the  mean  temperatures  in  the  still,  i.t 
to  420*'C. 
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Laing,'  operating  at  much  lower  pressures,  attempts  to  return 
the  heavier  boiling  fractions  of  the  distillate  to  the  atill  by 
employing  an  apparatus  such  as  is  shown  in  Fig.  19S. 

Although  hydrocarbons  of  the  type  contained  in  gasohue  are 
more  stable  than  the  heavy  hydrocarbons  such  as  are  contained 
in  "reduced"  oils,  it  is  nevertheless  important  to  remove  the 
gasoline  from  the  "sphere  of  reaction"  as  fast  as  formed.  Thus, 
heating  a.  certain  volume  of  heavy  oil  under  a  given  pressure  for  a 
^ven  period  of  time,  and  subsequently  distilling  at  atmospheric 
pressure,  does  not  yield  nearly  as  much  gasoline  as  distillation 
under  the  same  pressure,  thus  removing  the  gasohne  and  kerosene 
as  fast  as  formed.  This  was  well  shown  by  an  experiment  cited 
by  Brooks  and  his  co-workers,  in  which  Oklahoma  "reduced" 
oil  was  heated  under  a  pressure  of  180  lb.  per  square  inch  for  2 
hr.  and  then  distilled  at  atmospheric  pressure.  There  was 
obtained  in  this  way  only  5  per  cent,  of  gasoline,  while  another 
experiment  under  the  same  conditions,  except  that  the  gasoline 
was  distilled  as  fast  as  formed,  j-ielded  30.4  per  cent,  gasoline. 
This  indicates  that  the  gasoline  hydrocarbons  themselves  slowly 
decompose  in  the  cracking  still.  In  view  of  this  fact,  it  is  all 
the  more  remarkable  that  the  kerosene  fractions  of  the  pressure 
distillate  obtained  from  Oklahoma  reduced  oil  by  distilling  under 
100  lb.  pressure  are  optically  active. 

Optical  Activity  of  Kerosene  Hydrocarbons  made  by  Cracking 
Heavier  Hydrocarbons. — The  kerosene  fractions  of  most  crudes 
show  very  little,  if  any,  optical  activity.  The  maximum  rota- 
tions are  noticed  in  the  fractions  boiling  from  about  230*  to 
290'*C.  under  12  to  14  mm.  pressure.  A  Galician  oil  studied  by 
Engler  yielded  a  fraction  boiling  from  200°  to  2.50"  under  atmos- 
pheric pressure,  which  showed  a  rotation  {200-mm.  tube)  of 
+0.2''  on  the  saccharimeter  scale.  The  fraction  boiling  from 
200°  to  250''C.,  made  by  cracking  Oklahoma  reduced  oil  under 
100  lb.  pressure,  showed  a  rotation  in  a  400-min.  tube  of  4-0.36° 
on.  the  saccharimeter  scale,  Othej  samples  showed  rotations 
of  approximately  the  same  degree.  In  view  of  the  high  tem- 
peratures prevailing  in  the  pressure  still,  360°-420°C.,  the 
fact  that  complete  raceraization  has  not  occurred  indicates  that 
these  optically  active  hydrocarbons  undergo  racemization  with 
greater  difficulty  than  optically  active  compounds  of  any  other 

'  German  Patent  260858,  October,  1911 ;  Chtm.-Ztg.,  1813,  375.  See  also 
Engliah  Patents  4120  of  IBM  ajtd  23446  of  1911. 
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class.  The  corresponding  fraction, .  boiling  from  200®-250®C., 
distilled  off  the  original  Oklahoma  crude,  had  a  rotation  of 
+0.2^  in  a  200-mm.  tube  on  the  ^accharimeter  scale.  Since  the 
optically  active  kerosene  hydrocarbons  made  by  cracking 
under  pressure  are  to  be  regarded  as  products  of  the  "splitting'' 
of  heavier  hydrocarbons  of  higher  molecular  weight,  the  fact 
of  their  being  optically  active  is  even  more  remarkable.  Engler 
and  Bobrzynski^  found  that  a  fraction  of  Galician  oil  still  showed 
an  optical  rotation  of  0.8**  (saccharimeter  scale)  after  heating 
at  350^-360®  for  4  hr.  Engler  has  also  shown  that  optically 
active  oils  may  be  obtained  by  the  destructive  distillation  of 
cholesterol. 

Engler^  and  Marcusson'  have  suggested  that  the  optical 
activity  of  petrolemn  oils  is  due  to  hydrocarbons  of  the  naph- 
thene  type.  This  is  confirmed  by  observations  that  a  viscous 
lubricating  oil  prepared  from  Jennings  crude,  after  refining 
several  times  with  "oleum"  and  finally  clarifying  with  fullers' 
earth,  showed  an  optical  rotation  in  a  400-mm.  tube  of  4.04° 
arc  or  11.6®  on  the  saccharimeter  scale.  Since  this  oil  was 
odorless  and  tasteless,  optically  active  naphthenic  acids  could 
not  have  been  a  factor. 

Products  of  Cracking  Distillation  under  Presstire :  Formation 
of  Benzene,  Toluene,  and  Xylene. — The  formation  of  aromatic 
hydrocarbons  from  petroleum  oils  has  heretofore  been  assumed 
to  be  due  to  complex  and  little  understood  changes,  such  as 
dehydrogenation  of  naphthenes,  and  the  formation  of  acetylene 
and  the  condensation  of  the  latter  to  benzene  and  its  homologues. 

Brooks,  Bacon,  Padgett  and  Humphrey  found  the  above- 
named  aromatic  hydrocarbons  in  gasoline  made  by  cracking 
heavy  Oklahoma  reduced  oil  under  a  pressure  of  100  lb.  per 
square  inch.  Treatment  of  the  gasoline  by  liquid  sulphur 
dioxide  gave  10.0  per  cent,  of  olefines  and  aromatic  hydrocarbons, 
which  mixture  was  fractionated  several  times  and  the  fractions 
whose  boiling  points  corresponded  to  the  boiling  points  of 
benzol,  toluol  and  xylol  were  nitrated  in  the  usual  manner,  water 
added,  and  the  crude  crystalline  mass  thus  obtained  recrystallized 
several  times  from  alcohol.  They  obtained  in  this  way  1,3- 
dinitrobenzol;  melting  point  90.0°C.,  also  2,4-dinitrotoluol  of 

1  Engler,  "Das  Erd6l,"  1,  218. 
^Chem.-Ztg.,  36  (1911),  729. 
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melting  point  TO-CC,   and  2,4,6-trinitronietaxylol,  melting  at 
182.0°C. 

Since  relatively  little  gas'  is  evolved  when  distilling  under  100 
lb.  pressure,  and  since  the  gaa  evolved  contains  not  more  than 
4.4,  per  cent,  hydrogen,  it  appears  highly  improbable  that  the 
aromatic  hydrocarbons  in  question  are  produced,  either  directly 
or  indirectly,  by  a  process  of  splitting  ofE  of  hydrogen.  Brooks 
and  hia  co-workers  believe  the  evidence  points  to  the  splitting  off 
of  benzol,  toluol  and  xylol  from  large  so-called  petroleum  hydro- 
carbons, which  contain  the  phenyl  radical.*  In  order  to  teat 
this  hypothesis  further,  they  made  "gasoline"  by  heating  Oklar 
homa  reduced  oil  with  anhydrous  aluminum  chloride.  In  this 
reaction  very  little  gas  is  evolved  from  dry  petroleum  oils. 
Should  the  phenyl  radicals  exist  in  the  complex  petroleum 
hydrocarbons,  one  might  expect  a  splitting  of  the  molecule, 
just  as  is  known  to  occur  when  toluol  is  treated  with  aluminum 
chloride, 

CH,' 


CHs*-  C  JT^.CH,  ->  C«H.<;; 


yielding  both  benzol  and  xylol. 

Twenty  liters  of  Oklahoma  reduced  oil  were  slowly  heated  with 
6  per  cent,  anhydrous  aluminum  chloride  until  4  Uters  of  Ught 
distillate  were  collected.  This  was  treated  with  hquid  sulphur 
dioxide,  0.40  liter  of  sulphur  dioxide  soluble  extract  being  ob- 

'  This  will  vary  with  different  oils  and  the  evolution  of  gas  becomes  much 
more  r&pid  toward  the  end  of  a  distillation  when  much  coke  is  produced. 

•  JoNBa  and  Wheeler  (J.  Ckem.  Soe.,  1014, 2362)  have  shown  that  hydro- 
carbons of  the  aromatic  series  are  produced  in  the  distillaiion  of  coal  at 
350°C.,  or  below  the  temperatures  at  which  hydrogen  is  split  off.  They 
suggest  that  aromatic  compounds  may  be  farmed  by  reactions  such  as  the 
follow  iug: 


p.— 'RH  +  naphthalene, 


Brooks  and  Hhupbhey  (J.  A  m.  Chem.  Soe.,  38  (1916),  393)  have  found 
benzene,  toluene,  and  m-xytene  among  the  products  from  thfi  cracking  of 
heavy  petroleum  oils  and  conclude  that  tlie  heavy  high-boiling  fractions  of 
petroleum  contain  homologues  of  benzene,  or  hydrocarbons  containing  the 
benzene  nucleus . 

On  the  effect  of  temperature  on  the  formation  o(  bonaene  from  petroleum 
at  atmospheric  pressure,  see  Eoloft  and  Twomet,  J.  Phyt.  Chem.,  SO  (1916), 
12L 
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taiued.  This  was  fractionated  three  times  and  the  proper 
fractions  nitrated  in  the  usual  manner.  Metadinitrobenzol, 
2,4-diuitrotoluoI  and  2,4,6-trinitro-metaxylol  were  easily  ob- 
tained in  a  state  of  purity  after  reciystallizing  several  times  from 
dilute  alcohol. 

There  are,  of  course,  other  conditions  in  which  aromatic  hydro- 
carbons are  formed  by  complex  reactions  carried  out  at  much 
h^her  temperatures  attended  by  the  evolution  of  targe  quantities 
of  hydrogen  and  unsaturated  hydrocarbons,  as  in  the  manu- 
facture of  oil  gas.  These  conditions,  however,  are  very  different 
from  those  prevailing  in  the  above  experiments. 

Since  practically  all  of  the  crude  petroleums  of  the  world  which 
have  been  examined,  yield  gasolines  and  kerosenes  containing 
small  percentages  of  aromatic  hydrocarbons,  and  in  view  of  the 
commonly  accepted  theory  of  the  origin  of  petroleum  from 
animal  and  vegetable  remains,  it  is  to  be  expected  that  hydro- 
carbons of  high  molecular  weight  containing  the  phenyl  radical 
are  to  be  found  in  heavy  petroleum  oils.  Such  hydrocarbons, 
containing  aromatic  radicals,  cannot  be  formed  by  any  simple 
anaerobic  degradation  of  fats,  but  probably,  like  the  nitrogen 
bases,  have  been  derived  originally  from  protein  material.  We 
may  therefore  expect  to  find  relatively  large  percentages  of 
aromatic  compounds  in  petroleums  that  are  also  rich  in  nitrogen. 
This  appears  to  hold  true  in  the  case  of  the  California  petroleums, 
which  are  liigh  in  nitrogen,  and,  according  to  work  carried 
out  in  the  Mellon  Institute  of  Industrial  Kesearch,  this  is  also 
true  of  certain  heavy  Mexican  oils.  On  the  other  hand,  it 
may  be  pointed  out  that  the  oils  of  Borneo,  Sumatra  and  Java 
are  relatively  rich  in  light  aromatic  compounds,  but  low  in 
nitrogen.  The  latter  oils,  however,  are  very  light  and  fluid  and 
very  different  from  the  heavy  pitch-like  oils  of  California  and 
Mexico,  and  it  has  been  frequently  suggested  that  these  light 
fluid  oils  have  been  purified  by  filtration  through  porous  strata. 
Such  light,  supposedly  filtered,  crudes  arc  low  in  sulphur  as  well 
as  nitrogen.  Thus  the  converse  of  the  above  statement  does  not 
hold,  probably  for  the  reasons  just  indicated. 

Another  noteworthy  feature  of  gasoline  made  by  cracking  at  a 
pressure  of  100  lb.  is  that  rwrmal  paraffi,n  hydrocarbons  appear  to 
be  the  predominating  constituents.  The  amount  of  isopentane 
exceeds  that  of  normal  pentane,  but  the  hexane  and  heptane  frac- 
tions appear  to  consist  chiefly  of  the  normal  paraffins.     These 


SPECIAL  REFINERY  TECHNOLOGY 


facts  are  brought  out  by  Fig.  199,  repreaenting  the  results  of 
seven  fractional  distill  at  iona. 


Carbon 

Hydrogen. . 


16. 2f 


14,28 


Only  a  very  small  amount  of  naphthenes  appears  to  be  present. 
Some  evidence  of  the  presence  of  methyl  cyclopentane  was  shown 
by  the  above  combustion  analysis  of  the  fraction  boiling  from 
68"  to  TO-C. 


The  Burton  Process. — The  process  of  W.  M,  Burton,  which  is 
being  used  on  a  large  scale  tor  the  manufacture  of  "motor 
epiritSj"'  the  name  under  which  the  gasoline  so  made  is  being 
put  on  the  market,  relates  to  the  treatment  of  high  boiling-point 
residuals,  particularly  the  residumn  from  the  distillation  of 
paraf&n-base  petroleum,  after  the  lower  boiling  distillates  are 
removed,  in  order  to  obtain  a  low  boiUng-point  product  of  the 
paraf&n  series,  avoiding  the  ethylene  scries.     This  is  accomplished 

>  This  product  averages  about  60°Bf;.  gravity,  has  a  pronounced  odor  and 
pate  straw  color,  and  is,  it  is  claimed,  composed  principally  of  hydrocarbons 
of  the  paraffin  aeries.  It  is  said  to  bo  equal  to  gasoline  (see  p.  4SI)  for 
motor  use  {T.  T.  Ghat,  Min.  Ind.,  21,  657).  It  ia  reported  that  the  pro- 
duction of  "  motor  spirits  "  by  the  use  of  the  Burton  process  now  (April, 

1918)  amounts  to  over  3,000,000  bbl.  per  year.  On  the  Burton  process,  see 
alao  Nat.  PelroL  N»V)S,  6,  No.  5,  1 ;  and  Sci.  Am.,  113  (1912),  fi.    The  patent 

of  Bdbton  u  discuaseU  on  p.  50& 


by  raising  the  boiling  point  of  the  liquid  residue  by  means  of 
back  pressure  on  the  liquid  and  vapors,  which  are  maintained 
under  pressure  throughout  their  course  from  the  still  through  the 
condenser,  and  while  undergoing  condensation. 

The  apparatus  used  by  Burton  consists  of  a  boiler  equipped 
with  a  safety  valve,  fireplace,  pressure  gage  and  thermometer. 
A  pipe  leads  from  the  top  of  this  boiler  to  a  condenser,  cousisting 
of  a  pipe-coil  immersed  in  the  usual  cooling  tank.  From  near 
the  lower  end  of  this  coil,  a  small  pipe  leads  up  to  a  relief  valve, 
and  lower  down,  connecting  to  a  receiver  for  the  products  of 
condensation,  is  a  shut-off  valve.  This  valve  is  normally  closed. 
The  relief  valve  allows  any  excess  gas  pressure  to  escape.  The 
pressure  withthe  BhutrK>ff  valve  closed,  is  from  4  to  5  atmospheres, 
raising  the  boiling  point  from  500°  to  750°  or  800°F.  This 
pressure  combined  with  the  temperature,  greatly  increases  the 
conversion  of  the  high-boiling  members  of  the  paraffin  series 
into  the  low-boiling  members  of  the  same  series.' 

Although  the  arrangement  of  Burton's  apparatus  is  essentially 
the  same  as  that  of  Dewar  and  Redwood,'  and  the  pressure  used 
by  him,  75  lb.  per  square  inch,  had  been  previously  employed 
by  others,  Burton  has  been  the  first  to  demonstrate  that  such 
distillation  can  be  safely  carried  out  on  a  large  scale.  His  process 
is  in  use  by  the  Standard  Oil  Company  and  plants  have  been 
erected  at  a  number  of  points.'  , 

The  Rittman  Process. — In  the  process  of  Walter  F.  Rittman*  4 

vaporized  petroleum  is  passed  into  a  hot  tube  at  450*C.,  the 
pressure  being  90  to  500  lb.  per  square  inch;  the  vapors  are 
condensed  under  pressure  and  the  condensate  is  distilled  for  its 
gasoline  content.  The  residue  may  be  revaporized  and  passed 
through  the  tube.  The  following  claims  are  made  for  this 
process:  By  using  the  oil  in  the  form  of  vapor  any  combination 
of  temperature  and  pressure  may  be  applied;  any  oil  from  kero- 
sene up  may  be  used;  in  the  case  of  fire,  only  a  small  amount 

>  United  States  Patont  1049667,  Jan.  7,  1913. 

»  See  p.  562, 

'  One  of  these,  at  Whiting,  Ind,,  was  constructed  at  a  cost  of  $700,000. 

•  Nat.  Petrol  News,  7  (1915),  2.  For  a  detailed  account  of  the  Rittman 
process,  see  Bull.  114,  Bureau  of  Mines,  1916;  and  J.  Ind,  Eng.  Chem.,  8 
(1916),  351.  On  the  differences  between  theprocesaof  Rittman  and  that  of 
Snellint!,  wherein  the  temperatures  and  pressures  are  limited,  see  Williaus, 
BuU.  Am.  Ijiel.  Min.  Eng.,  1916,  No.  IM,  173.  On  the  history  of  the  Ritt- 
man process,  see  Oil,  PairU  and  Drag  Rep.,  89  (1616),  No.  8,  7. 
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of  oil  is  exfjosed;  and  by  reason  of  the  reaction  being  gaseous 
instead  of  liquid,  the  carbon  deposited  is  so  small  as  to  be 
negligible. 

Rittman  has  recently  described  experiments,  the  results  of 
which  have  indicated  the  following  conclusions:' 

1.  Equilibrium  products  of  the  cracking  reaction  aecm  to  be 
independent  of  the  influence  of  chemical  and  physical  properties 
of  the  original  oils  or  at  most  are  affected  only  in  minor  degree 
by  such*  tendencies.  The  matter  of  carbon  formation  is  the 
one  clear-cut  exception.  Carbon  is  a  residual  product  and  its 
formation  ia  proportional  to  the  amount  originally  contained  in 
the  oil.  Viscosities  and  specific  gravities  seeni  to  show  in  slight 
degree  the  influence  of  properties  of  original  oils,  but  the  differ- 
ences are  so  slight  that  they  may  well  be  explained  on  the  basis 
of  failure  to  reach  complete  equilibrium. 

2.  The  formation  of  aromatic  hydrocarbons  occurs  best  at 
moderate  to  high  temperatures  and  under  high  pressure.* 

3.  The  formation  of  gasoline  (low-boiling,  low-gravity  hydro- 
carbons) ia  favored  by  moderate  to  low  temperatures  and  by 
high  pressure. 

The  McAfee  Process.' — As  indicated  above,  in  most  of  the 
cracking  processes,  pressure  is  employed:  60  to  100  lb.  is  usual 
and  some  have  proposed  much  higher  pressure.  It  ia  here  that 
the  greatest  difficulty  becomes  manif^t — the  great  danger  to 
the  operators  and  to  the  plant.  There  ia  always  a  deposition  of 
hard  (and  flinty  hard)  coke  on  the  inner  walls  of  the  heating  ele- 
ment. Some  who  have  had  considerable  experience  in  cracking 
oils  have  said  that  the  coke  is  forced  into  combination  with  the 
iron,  making  it  brittle  and  thus  utterly  unable  to  withstand  the 
high  temperature  and  pressure  employed.  At  any  rate,  the 
deposition  of  the  carbon  occurs  where  the  element  is  hottest, 
causing  a  local  overheating  at  that  point.  Under  such  condi- 
tions the  t«nsile  strength  of   the  steel   becomes  an   unknown 

'  J.  hui.  Eng.  Chem.,  7  (1915),  945. 

'  On  the  equilibrium  telationa  among  aromatic  hydracatbons  produced  by 
cracking  petrolBum,  see  Rn-TKAU  and  Twomey,  J.  Ind.  Eng,  Chem.,  8 
(1916),  20. 

»  NtU.  Petrol.  News,  7  (1915),  20;  and  especittlly  /.  Ind.  Eng.  Chem.,  7 
(1915),  737. 

TliB  McAfee  process  is  owned  by  tiie  Gulf  Refining  Company.  It  is 
not  a  "cracking  process,"  but  it  ii  included  in  this  section  because  of  ita 
application. 
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quantity;  as  likely  as  not  it  yields  to  the  stress  without  any  warn- 
ing. Oil  vapors  of  a  temperature  around  650°F,  ignite  spon- 
taneously when  they  evolve  from  a  still  into  the  surrounding 
atmosphere.  In  cracking  processes  the  temperature  is  750° 
to  850°F.  and  even  higher;  hence,  the  manifest  danger  of  cracking 
petroleum  oils  under  such  pressures. 

When  McAfee  took  up  the  gasoUne  problem,  he  dismissed  from 
consideration  the  itlea  of  cracking  oils.  Since  the  Friedel  and 
Crafts  English  Patent,  No.  4769  of  1877,  there  had  been  some 
degree  of  mild  interest  shown  as  regards  the  effect  which  alu- 
minum chloride  might  have  on  petroleum  oils,  but  no  positive 
results  had  followed  from  this  interest.  It  appeared  to  McAfee 
that  this  reaction  might  have  far  more  significance  than  was 
apparent. 

McAfee  foimd  that  with  proper  control  of  the  vapors  leaving 
the  distilhng  system  and  entering  the  final  condenser,  and  with 
sufficient  time  given  the  aluminum  chloride,  high-boiling  oils 
can  be  completely  broken  down  into  lower  boiling  oils,  and 
no  matter  how  unsaturated  the  high-boiling  hydrocarbons  may 
be,  the  low-boiling  oils  produced  therefrom  are  sweet  smelling, 
water-white  and  saturated.  The  reaction  gives  little  gas  and 
only  about  the  right  amount  of  carbon  to  allow  production  of 
saturated  products.  The  carbon  is  deposited,  not  in  the  form 
of  a  hard  bakcd-on  carbon,  but  as  a  granular  coky  mass,  easily 
removed  from  the  still. 

The  problem  before  McAfee,  knowing  the  reactive  power  of 
slurainum  chloride,  was  to  apply  it  to  crude  petroleum  so  that 
good  heavy  oils  could  be  obtained  while,  at  the  same  time,  con- 
verting the  less  valuable  portions  of  the  crude  into  gasoline. 
The  solution  of  this  problem  is  found  in  United  States  Patent 
1127465  of  Feb.  9,  1915.' 

In  the  practical  operation  of  this  process,  crude  petroleum  of 
any  kind  is  Iirat  distilled  until  the  naturally  occurring  gasoline 
and  kerosene,  if  there  be  any  present,  are  distilled  off.  In  many 
crude  oils,  and  especially  some  of  those  from  Texas,  California 
and  Mexico,  there  is  substantially  no  gasohno  present  and  very 
little  kerosene.  But  in  any  event,  the  crude  is  first  heated  to 
free  it  of  any  moisture  which  it  may  contain,  since  the  oil  must 
be  perfectly  dry  before  adding  the  aluminum  chloride. 

'SoeaUo  Canadian  Patents  103091,  163092,  and  163093,  June  8,  ISIB} 
and  103671,  July  6,  Ullt, 
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The  next  step  is  to  add  anhydrous  aluminum  chloride  to  the 
remaining  residual  oil,  and  then  bring  the  mixture  to  boiling  in 
the  still.  Boiling  is  usually  around  SOO'F.  and  generally  re- 
mains between  500°  and  550°F.  during  the  entire  distillation, 
extending  over  a  period  of  24  to  48  lir.  There  is  no  need  of 
employing  extra  pressure  or  vacuum  or  special  apparatus; 
any  stilt  with  a  stirrer  in  it  suffices. 

Granted  sufficient  time  for  the  aluminum  chloride  to  produce 
effects,  the  success  or  failure  of  this  process  depends,  upon  the 
proper  control  of  the  temperature  at  which  the  oil  vapwra  are 
allowed  to  leave  the  distilling  system  to  enter  the  final  condenser. 
Between  the  still  and  the  final  condenser  are  placed  two  air- 
cooled  condenaerB  connected  in  series,  which  separate  the  low- 
boiling  oils  from  the  high-boiling  oOs,  returning  the  latter, 
together  with  any  volatihzed  aluminum  chloride,  to  the  still. 
For  a  1,000-bbl.  still  the  air  condensers  which  are  now  used  are 
drums  of  oval  cross-section,  3  ft.  by  6  ft.  by  6  ft.  high.  In 
addition  to  the  air  condensers,  a  3-ft.  dome  is  attached  to  the 
top  of  the  stiD  which  serves  to  return  most  of  the  volatilized 
aluminum  chloride  and  its  compounds.  The  operation  is  bo 
controlled  that  the  vapor  ia  kept  at  the  desired  temperature 
as  indicated  by  a  thermometer  placed  in  the  vapor  line  at  the 
point  of  exit  of  vapor  into  the  final  or  water-cooled  condenser. 
The  temperature  at  this  point  should  not  exceed  350°F.;  other- 
wise, not  only  will  heavy  oils  distil  over,  but  the  aluminum 
chloride  (or  its  compounds  with  hydrocarbons)  will  enter  the 
condenser  and  clog  it  up.  Under  the  first-named  condition,  the 
distillate  obtained  will  be  a  mixture  of  gasoline,  solvent  oil  and 
kerosene,  which  are  afterward  separated  by  fractional  distilla- 
tion. These  products  are  all  water- white,  sweet  smelling, 
saturated,  and  need  no  refining  ivith  sulphuric  acid.  In  practice, 
no  treatment  is  given  them,  except  a  washing  with  alkali,  followed 
with  water,  to  remove  hydrogen  sulpliide.  With  proper  back- 
trapping  of  high-boiling  oils  into  the  still  from  the  air-cooled 
condcnsei-B  and  a  temperature  of  SOCF.  in  the  vapor  line,  the 
distillate  obtained  will  be  gaaoline  alone,  which  is  ready  for  the 
market  when  washed  with  an  alkaline  solution. 

While  the  operation,  using  crude  oil  as  the  starting  material, 
can  be  carried  on  to  produce  larger  or  smaller  quantities  of 
gasoline,  in  practice  it  b  carried  on  so  as  to  convert  the  gas-oil 
fraction  into  low-boiling  hydrocarbons  and  leave  most  of  the 


SPECIAL  REFINERY  TECHNOLOGY  579 

high-boiling  hydrocarbons,  that  is,  the  paraffins  and  lubricating 
oils.  Accordingly,  the  operation  is  interrupted  after  a.  portion 
of  the  crude  has  been  converted  into  low-boihng  products, 
and  the  high-boiling  oil  remaining  in  the  still  is  pumped  off  while 
hot;  on  cooling  it  is  worked  up  into  the  usual  paraffin  and  lubri- 
cating products.  The  aluminum  chloride  remains  in  the  still 
enmeshed  in  a  mass  of  coke,  and  the  methods  of  its  recovery  are 
found  in  United  States  Patents  1099096,  June  2,  1914,  and 
1144304,  June  22,  1915. 

The  Deodorization  of  "Cracked"  Gasoline. — It  has  been  found 
at  the  Mellon  Institute  of  Industrial  Research  that  highly 
"cracked"  gasoline  loses  nearly  all  of  its  offensive  "cracked" 
odor  when  treated  with  alkaline  plumbite,  cupric  oxide,  or 
sodium.'  It  appears  from  certain  investigations  carried  out  at 
the  Mellon  Institute  that  the  offensive  odor  of  "cracked"  oils 
b  due  to  the  presence  of  small  quantities  of  sulphur  compounds, 
naphthenic  acids,  and  basic  nitrogen  compounds,  the  latter 
probably  of  the  pyridene  type. 

THE  CHEMICAL  TREATMENT  OF  PETROLEUM  DISTILLATES 

The  methods  adopted  for  the  separation  from  petroleum  of 
various  products  of  commercial  importance,  and  their  purifica- 
tion by  chemical  treatment,  have  been  described  in  the  preceding 
chapter  in  more  or  less  general  terms.  The  chemical  treat- 
ment of  the  distillates  of  petroleum  will  now  be  discussed  in  some 
detail.^ 

Treatment  with  Sulphuric  Acid.— Moat  of  the  products  ob- 
tained by  the  distillation  of  petroleum  are  not  in  a  marketable 
condition,  but  require  chemical  Ireatmenl  to  remove  the  resinous 
matters  and  the  hydrocarbons  of  the  unsaturated  and  aromatic 
groups,  which  impart  a  dark  color  as  well  as  an  unpleasant  odor 
to  the  liquid,  and,  in  the  case  of  illuminating  oils,  increase  the 

'  On  freeing  cracked  mineral  oils  from  rnftlodorous  or  reainif ying  subataiiceB 
by  treatment  with  a  eolt.of  a  heavy  metal  having  a  condensing  action,  ece 
Engliah  Patent  3^72,  Feb.  11,  1911. 

•  No  conaiderntion  ia  given  here  to  the  preparation  of  anthracene,  ete., 
from  petroleum  residuum  (boo  Redwoop,  J.  Soc.  C/tem.  Ind.,  4  (1885),  70), 
to  the  production  of  aromatic  bodies  from  petroleum  (see  Dingler'a  polyt.  J., 
SS9  (187S),  353;  LffiDERMANN  and  Bcno,  Bcr.,  11  (1878),  723;  and  Salkmann 
and  WicBELHAUB,  idem,  11,  802  and  14;il),  or  to  the  preparation  of 
beniene  and  its  homologues  (see  Oolodlih,  Z.  Farben-  U.  TexiU-Jnd.,  3 
(1904),  293).    See  also  pp.  570,  576  and  806. 
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smoke-producing  qualities  and  reduce  the  power  of  rising  in  the 
wick  by  capillary  attraction.' 

During  the  primary  development  of  the  petroleum  industry, 
kerosene  was  marketed  as  a  yellow  or  dark-red  liquid.  The 
removal  of  color  was  attempted  by  treatment  with  soda  lye  and 
lime;  but  it  was  fouud  that  after  oil  so  purified  had  been  burned 
for  a  short  time,  the  wicks  became  encrusted,  and  consequently 
the  oil  failed  to  rise  properly.  Subsequent  treatment  with 
bydrocMoric  acid  was  tried,  but  this  effected  very  little  im- 
provement. SiJphuric  acid  bad  been  employed  in  the  "coal 
oil"  industry,  especially  by  Joshua  Merrill"  in  the  refining  of 
keroaelene'  in  1857,  and  the  refiners  of  petroleum  early  profited 
from  the  experience  of  the  coal  oil  manufacturers  and  adopted 
treatment  with  sulphuric  acid,  followed  by  that  with  soda  lye. 
This  process  is  in  general  employment  at  the  present  time.* 
The  rationale  of  this  treatment  is  not  fully  understood,  but  the 
action  appears  to  consist  in  the  removal  or  decomposition  of  the 
aromatic  hydrocarbons,  fatty  and  other  acids,  phenols,  tarry 
products,  some  sulphur  componnds,  etc.,  which  lower  the 
quality  of  the  oil,  the  sulphuric  acid  removing  some,  while  the 
sodium  hydroxide  removes  the  remainder  and  neutralizes  the 
acid  which  has  been  left  in  the  oil. 

K.  I.  Tumski  has  discussed  the  action  of  sulphuric  acid.* 
He  states  that  the  petroleum  loses  and  the  acid  gains  in  volume, 
often  to  5  to  8  per  cent,  of  the  petroleum;  that  the  tar  products 
dissolve  and  impart  a  deep  brown  color  to  the  acid,  while  the 
aromatic  hydrocarbons,  and  many  of  the  other  unsaturated 
hydrocarbons,*  are  converted  into  sulpho-acids;  and  that  the 
acid  is  instrumental  in  removing  the  oxygen-containing  bodies — 
in  fact,  according  to  Tumski,  by  continuing  the  treatment,  the 

'  Sec  section  on  refining  petrohum  by  liquid  sidphur  dioxide  (p.  593)  for 
further  inform&tioti  on  the  chemicul  treatment  of  illuminating  oils. 
•See  Haybs,  Am.  Chemial.  2  (1872),  402. 

•  See  p.  878, 

'  See  pp.  460,  465,  467  and  473.  For  general  deacriptiona  of  the  chemical 
process  of  refining,  hbb  Schestopai,  Chem.-Zlg.,  IB  (ISfll),  352;  Vbith'b 
"Das  Erdol,"  IBBS;  and  Gcbwitsch's  " WissenBcliaftliche  Grundlagen  der 
ErdSlbearbeitung,"  1618,  part  ii.  Eiculer,  of  Baku,  was  the  firet  to  intro- 
duce, in  Russia,  treatment  with  sulphuric  acid,  followed  by  that  with  caustic 

'  "Technology  of  Naphtha"  (Ruesian,  Moscow,  1891),  204. 

•  Cf.  Thiblb,  Chtm.-Zlg.,  37,  841. 
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petroleum  can  be  completely  deprived  of  oxygen.  However, 
the  action  of  the  sulphuric  acid  is  more  complicated  than  appears 
at  first  sight,  for  sulphur  dioxide  is  evolved  in  some  quantity, 
and  this  ia  not  accounted  for  by  the  reactions  referred  to.  Re- 
duction of  the  acid  evidently  occurs,  but  the  reducing  agent  is 
unknown.'  It  has  been  suggested  that  the  acid  has  also  an 
oxidizing  action,'  and  this  view  is  rendered  partial  support  by  the 
increased  action  when  the  treatment  is  assisted  by  heat,  and  by 
the  greater  refining  power  of  "oleum"  (Nordhausen  or  fuming 
sulphuric  acid)  as  compared  with  the  ordinary  acid.  The  acid 
generally  used  ia  sulphuric  acid  having  a  gravity  of  ISS^Tw. 
or  66°B^.  (1.840  specific  gravity),  but,  occasionally,  particularly 
where  the  oils  are  difficult  to  refine,  oleum  is  used  on  account  of 
its  more  enei^etic  action,'  and  the  use  of  sulphuric  anhydride  has 
been  proposed  in  some  eases,* 

The  quantity  of  acid  required,  and  the  length  of  time  during 
which  the  treatment  is  continued,  depend  on  the  grade  of  product 
desired  and  on  the  purity  of  the  distillate  operated  upon;  the  laat- 
mentioned  factor  in  turn  depends  on  the  composition  of  the 
crude  oil  and  on  the  manner  in  which  the  distillation  has  been 
conducted.  "Cracked"  oils  require  a  larger  amount  of  acid  than 
uncracked  oils,  and  Canadian  oil  requires  more  acid  and  more 
prolonged  treatment  than  Pennsylvania  oil.  Usually  the 
amount  of  acid  required  increases  in  proportion  to  the  density 
of  the  distillate.  Oils  long  exposed  to  the  air,  and  overheated 
distillates,  require  more  acid  and  longer  treatment  than  usual- 
Some  investigators  state  that  sulphuric  acid  causes  polymeriza- 
tion of  the  hydrocarbons;  but  it  is  found  that  an  increase  in  the 
amount  of  acid,  or  in  the  time  over  which  the  action  extends, 
results  in  the  production  of  a  lighter  oil,  the  removal  of  heavy 
tar  products  more  than  counterbalancing  the  increased  density 
due  to  polymerization,  if  such  change  takes  place. 

Edeleanu  and  Cian4'  observe  that  in  petroleum  refining  one 

'  Even  when  the  acid  treatmeDt  is  repeated  as  often  aa  ten  timea,  color  ia 
still  inipiirted  to  the  acid,  end  further  evolution  of  sulphur  dioxide  occura. 

■  On  the  oxidizing  action  of  sulphuric  ftcid  on  miDcrai  oila,  see  Uoliie, 
Chfin.-Zlg.,  19  (1895),  144. 

*  Soi^d  or  other  inert  material  baa  been  used  with  sulphuric  acid,  to  give  it 
greater  surface  and  in  that  way  increaao  its  activity ;  but  iome  experts  main- 
tain that  the  chemical  activity  should  be  diminiahed. 

*  On  the  employment  of  eulphuric  anhydride  in  refining,  see  p.  605. 
» OeileiT.  Chtm.  Tech.  Ztg.,  26,  156. 
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obtains  the  formation  of  snlpho-acids,^  pol3rmerization;  oxidation,' 
or  decomposition  of  the  hydrocarbons,  according  to  the  tempera- 
ture and  the  concentration  of  the  sulphuric  acid  used. 

Schulz'  states  that  the  color,  opacity  and  fluorescence  of 
petroleum  are  due  to  the  presence  of  an  oleosol  of  high  molecular 
weight,  probably  containing  oxygen,  sulphur  and  nitrogen. 
Although  chemical  processes  aid,  in  his  opinion  the  real  mechan- 
ism of  refining  is  the  precipitation  of  the  resinous  pitchy  and 
asphaltic  materials  which  exist  in  colloidal  solution  in  the  oil. 
Schulz  found  that  with  up  to  3  per  cent,  of  93.72  per  cent,  sul- 
phuric acid,  the  more  acid  used  in  refining,  the  better  were  the 
results  obtained;  that  weaker  acids  gave  poorer  results;  and  that 
fractional  refining  gave  no  better  results  than  adding  the  acid  all 
at  once. 

Condrea*  considers  that  refining  by  sulphuric  acid  is  due  to  the 
polymerization  and  oxidation  of  colored  decomposition  products 
formed  in  distillation,  and  the  solution  of  the  resulting  compounds 
in  the  acid.  He  maintains  that  it  is  not  to  be  attributed  to  the 
precipitation  of  colloidal  asphaltic  material.^ 

Von  Pilat  and  Starkel*  noted  wide  differences  between  the 
results  obtained  by  titrating  sludge  acids  with  alkali  and  those 
foimd  by  determining  the  acid  content  gravimetrically  as  barium 
sulphate.  Since  no  aromatic  sulpho-acids  could  be  isolated  from 
the  filtrate  of  barimn  sulphate,  these  chemists  concluded  that 
such  acids  are  not  formed  under  the  conditions  existing  in  re- 
fineries.^ They  expressed  the  opinion  that  these  acid  compounds 
are  either  addition  products  of  sulphuric  acid  residues  with  un- 
saturated hydrocarbons  or  substitution  products  of  sulphuric 
acid  through  organic  radicals,  and  concluded  that  sulphuric 
acid  acts  chiefly  as  a  polymerizer. 

^  Sulpho-acids  are  decomposed  and  hydrocarbons  are  formed  when  they 
are  distilled  with  superheated  steam.  For  a  process  of  producing  sulpho- 
acids  from  petroleum,  see  H.  A.  Frasch,  English  Patents  10321  and  10322, 
May  25,  1898. 

'On  the  oxidation  of  sulphuric  acid,  see  Holde,  Chem.-Ztg.f  19  (1895), 
144. 

«  Petroleum,  fi,  205  and  446. 

*  Rev.  Gin,  (Bucharest),  6  (1900),  83. 
'  Cf .  ScHVLz,  supra, 

*  Petroleum,  6,  2177. 

^  They  did  not  deny,  however,  that  aromatic  sulpho-acids  might  be  formed 
when  oils  were  treated  with  oleum,  at,  say,  80°C. 
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HaUBmann'  has  investigated  black,  regCDerated  Bulphurlc  acid, 
obtained  in  the  refining  of  petroleum  in  the  provinces  of  Campani. 
He  found  that  in  order  to  obtain  a  good  soda  teat  in  the  oil  treated 
with  regenerated  acid,  an  amount  of  sodium  hydroxide  much  in 
excess  of  the  theoretical  must  be  used.  This  he  explained  by  the 
presence  of  an  acid  weaker  than  the  naphthenic  aeida,  carried 
into  the  oil  by  the  black  acid.  Oil  treated  with  sulphuric  acid  in 
which  the  sulpho-acids  from  a  sludge  acid  were  dissolved,  gave 
a  poor  soda  test. 

The  Effect  of  Impurities  in  Sulphuric  Acid. — The  examination 
of  sulphuric  acid  for  petroleum  refineries  has  been  discussed  by 
Ferdinand  Schulz,^  who  points  out  that  nitrogen  trioxide  (NjOi), 
nitrogen  pentoxide  {NsOj),  and  selenium  dioxide  (SeOj)  will  cause 
discoloration  of  the  refined  oils.  We  have  it  on  the  authority 
of  Schulz'  that  the  presence  of  selenious  acid  in  the  sulphuric 
acid  used  in  the  refining  of  petroleum  causes  the  oil  to  assume  a 
yellow  color  which  is  not  removable  by  subsequent  treatment 
with  sulphuric  acid.  He  also  states  that  sulphuric  acid  con- 
taining over  0.005  per  cent,  of  selenium  dioxide  turns  black  when 
agitated  with  refined  mineral  oil.  According  to  Kharitchkov,* 
the  color  of  illuminating  oil  refined  by  treatment  with  sulphuric 
acid  is  very  injuriously  affected  by  the  presence  of  nitrous  acid, 
of  wiiich  as  httle  as  0.02  per  cent,  produces  a  marked  effect. 
The  presence  of  nitric  acid  is  also  objectionable,  but  0.06  to 
0.07  per  cent,  may  be  present  without  producing  serious  injury. 
The  small  amount  of  organic  matter  which  may  be  present  in 
commercial  sulphuric  acid  is  said  to  be  without  appreciable  effect. 

Acid  storage  tanks  in  refineries  should  be  subject  to  periodical 
cleaning. 

Physical  Factors  Involved  in  Treatment  with  Sulphuric  Acid. — 
Zaloziecki*  maintains  that  the  best  refining  results  are  invariably 
obtained  by  conducting  the  acid  treatment  at  as  low  a  tempera- 
ture as  possible,  for  oxidation  increases  rapidly  with  a  rise  of 
temperature.  Ho  therefore  advises'  that  the  oil  be  pumped  into 
agitators  over  night  to  cool,  and  that  the  acid  treatment  be 

'  PetToleum,  6,  2.301.    See  olao  idem,  7,  13, 

'  Chem.  Rett.  Fell-  Hari-Ind.,  20,  82, 

>  Cfu,m.-Ztg.,  3G,  1129. 

•  Weilnik  s)tirow.  wtschlaeh.,  6  (1005),  110. 

•  Ckstn.-Zlg.,  19  (1895),  78.     On  low-tempetatuie  acid  treattuenl, 
GniBBLiN,  PelToleum,  6  (1910),  133, 

'  lUd.,  875  and  956, 
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performed  in  the  early  morning;  if  artiScial  cooling  is  necessary, 
a  refrigerating  coil  should  be  used.  Zaloziecki  also  urges  that 
light  be  excluded  from  the  agitators. 

Zahler'  objects  to  the  assertion  of  Zaloziecld,  that  the  acid 
treatment  should  be  conducted  at  the  lowest  possible  tempera- 
tures, pointing  out  that  each  distillate  has  its  own  suitable 
temperature  for  treatment  with  sulphuric  acid.  Since,  however, 
the  refining  value  of  sulphuric  acid  is  largely  due  to  its  solvent 
action,  and  chemical  action  should  be  avoided  as  much  aa  possible, 
the  authors  consider  that  Zaloziecki  is  correct  in  his  contention- 
According  to  Zahler,  the  form  of  the  agitators"  used,  the  dura- 
tion and  mode  of  mixing,  the  purity  and  strength  of  the  sul- 
phuric acid,  all  influence  the  color  of  the  treated  distillates  of 
petroleum,  and  an  increased  temperature  may,  by  facilitating 
the  deposition  of  the  "sludge  acid,"  shorten  the  process  and  thus 
prevent  the  deepening  of  color  so  often  observed  in  the  upper 
layers  of  an  oil  after  prolonged  standing  in  the  agitator. 

Then,  too,  the  time  of  the  year  has  also  to  be  considered.  In 
summer,  the  chemical  treatment  should  be  effected  at  lower 
temperatures  than  in  winter,  because  the  heat  evolved  by  the 
interaction  of  the  oil  and  sulphuric  acid  may,  especially  when  an 
air  blast  is  used,  rise  beyond  suitable  limits;  whereas  in  winter,  a 
certain  degree  of  warmth  is  necessary  to  assist  the  precipitation 
of  the  sludge,  especially  in  the  case  of  the  heavy  oils. 

Experiments  by  Salomon*  on  the  effect  of  air,  of  different  de- 
grees of  purity,  in  the  usual  air-blast  agitators,*  have  shown  that 
by  the  use  of  purified  air  the  amount  of  sulphuric  acid  required 
to  refine  petroleum  distillates  may  be  reduced.  According  to 
Salomon's  plan,  the  air  to  he  purified  is  passed  through  waste 
sulphuric  acid  from  the  agitators. 

The  Recovery  of  Sulphuric  Acid. — The  waste  acid  and  alkali 
were  formerly  regarded  as  of  but  little  value,  although  the  latter 
was,  in  some  cases,  employed  in  the  manufacture  of  common 
soaps.     The  sludge  acid  was  used  in  the  manufacture  of  artificial 

'  Ibid.,  215. 

*  See  pp.  744  to  763,  Of  interest  in  this  connection  ia  the  process  of 
E.  D.  KevDALi.  (United  States  Patent  1154516,  Sept.  21,  191B),  wherein 
Bulphuric  acid  is  mixed  with  the  oil  lo  be  refined  and  the  mixture  ia  spread 
upfjn  bftlle  of  ntlaas,  porcelain  or  stoneware  which  are  tumbled  ia  rotating 


'  Trudu  Bak.  old.,  1899,  1;  Oeelerr.  Che7n.  Tech.  Ztg.,  17,  S 
•  Boo  p.  751. 
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manures,'  or,  where  its  cost  was  great,  it  was  sometimes  diluted 
with  three  or  four  volumes  of  water,  drawn  off  from  the  oil 
which  was  thus  aeparatetl,  and  concentrated  in  iron  or  leaden 
pans  to  eO^B^.  for  use  for  various  purposes.  In  many  cases  the 
acid  from  the  refining  of  naphtha  was  employed  for  the  first 
treatment  of  kerosene,  and  the  last  portion  of  acid  used  for  the 
kerosene  was  used  for  refining  other  oils.  It  b  now  customary 
to  recover  the  acid,'  and  a  number  of  processes  have  been  devised 
for  the  purpose  of  carrj-iag  out  this  recovery.* 

European,  Practice  in  the  Regeneration  o(  Sludge  Acid. — 
Continental  refiners  divide  sludge  acid  into  two  groups:  (1)  the 
Buiphuric  acid  sediment  from  the  refining  of  benzine  and  illuminate 
ing  oil;  and  (2)  that  from  the  refining  of  lubricating  oils.  In  the 
former,  10  per  cent,  of  -the  acid  is  consumed,  being  either  de- 
composed or  combined;- 100  parts  by  weight  of  unused  acid  of 
66°B4,  yield  125  to  130  parts  of  SO'to  SS'B^,  sludge  acid, contain- 
ing in  solution  asphaltJc  and  sulphurous  organic  matter.  By 
diluting  this  acid  to  35°B<5.,  most  of  the  oily  matter  (20  to  25  per 
cent,  by  volume)  is  separated.  The  bottom  layer  consists  of 
dilute  sulphuric  acid,  which  requires  concentration. 

Since  the  concentrated  acid  is  generally  black  and  contains 
undesirable  organic  compounds,  various  methods  have  been 
proposed  for  its  clarification.*  Diffusion  through  a  porous  dia- 
phragm against  water  gives  a  clear  acid,  but  organic  and  sulpho- 
acida  are  also  carried  along,  and,  on  the  evaporation  of  the  acid, 

'  In  1872,  flludge  nnid  waa  generally  aold  in  the  United  States  to  tertiliMr 
manufncturerB.  Kochetkov  (/w.  Moakov.  S«li>k,  Khoi.  Irtsl.,  19,  69)  haa 
diHcussed  tlio  preparation  of  Buperphosphatc  with  the  waalc  sulphuric  nciil 
from  pelroleuni  reSneriea.  With  bone  meal  this  waale  gave  superphosphates 
containing  21  per  cent.  o(  phosphoric  acid,  all  water-«olubto.  With  rock 
phosphate,  14  per  cent,  of  phosphoric  acid,  somewhat  less  soluble,  waa  ob- 
tained. On  the  U8«  of  regenerated  sulphuric  acid  in  the  manufacture  of 
Bupcrphoaphnte,  see  also  Mennicke,  Z.  angew.  Cheni.,  13  (IfiOO),  1031. 

'As  Into  as  IDll,  however,  waste  acids  from  the  German  paraffin  oil 
industry  were  diluted  to  1  per  cent,  of  free  sulphuric  acid  and  then 
delivered  into  the  chaaoel  ot  on  arm  of  the  Elbe  River  at  Hamburg  (GSblich, 
ApoiL-Ztg.,  Se,  420J. 

'  On  regcnpratod  sulphuric  acid,  eee  HEiNiun,  Z.  angew.  CHem.,  11 
(1898),  r,2B;  Meteb,  J.  lechn.  Chtm.,  17  (1833),  87;  Ostrejko,  Naphta.  10 
(1902),  258;  PlLAT  and  Stabkel,  Felroleum,  6  (1911),  2177;  Scheitbauer, 
Jaliresber.  tech.  Ver.  saeh»-lhuT.  Min.  Tnd.,  18S8;  and  Wedob,  J.  Soc.  Chem. 
tnd.,  18  (1899),  345.  Attention  is  particularly  directed  to  the  early  paper  ot 
Meyer  and  to  Wsogb's  report  on  concentration  experiments. 

*  See,  ID  this  connection,  Wibpeb,  Petroleum,  6,  1045. 
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are  decomposed;  turning  the  acid  black.  Regeneration  by 
means  of  silicon  compounds  yields  a  yellowish  acid,  which 
becomes  black  when  evaporated.  Filtration  through  bone-black 
and  heating  with  nitric  acid  is  also  imsuccessful.  Evaporation 
in  lead  pans  to  60^B6.  and  then  in  glass  or  porcelain  dishes  to 
66®B6.,  has  been  generally  used,  but  much  sulphur  dioxide  is 
evolved  and  the  acids  foam  considerably. 

Wispek^  states  that  the  best  method  is  that  of  Balcher  and 
Stenzel,  in  use  in  Rumania.  In  this  procedure  for  the  regen- 
eration of  the  waste  sulphuric  acid  of  refineries,^  the  acid  is 
mixed  with  50  per  cent,  by  volume  of  water,*  and  then  con- 
centrated to  60®B6.  in  lead  pans.  From  the  last  pan  it  runs 
into  a  distillation  retort,  the  lower  part  of  which  is  of  cast  iron, 
the  upper  of  vol  vie  lava,  and  is  then  heated  to  300°C.  to  destroy 
the  organic  matter.  A  current  of  air  is  pumped  through  the 
acid,  when  decoloration  occurs;  the  30°B^.  acid  vaporizes,  and 
clear  concentrated  sulphuric  acid  passes  out  of  the  retort.  The 
volumes  of  the  incoming  and  outgoing  acids  must  be  equal,  so 
that  the  concentration  of  the  acid  in  the  retort  should  not  change. 

In  the  Baku  region*  the  sulphuric  acid  that  has  been  used  in 
the  refining  of  petroleum,  is  frequently  diluted  to  35°  to  37°B^. 
and  warmed,  when  most  of  the  organic  matter  is  separated  as  a 
resinous  mass.  The  acid  is  then  concentrated  to  the  carboniza- 
tion of  organic  matter,  again  diluted  to  36°B^.  to  separate  more 
organic  matter,  and  finally  concentrated  to  66°B6.  However, 
the  acid  used  in  refining  heavy  asphaltic  oils  cannot  be  thus  re- 
generated. The  thick  tar  acids  are  washed,  after  evaporation 
by  steam,  and  then  concentrated  to  such  a  consistency  that  they 
can  be  mixed  with  natural  asphalt  to  soften  it. 

The  milky  waste  liquors  from  the  refining  of  illuminating  and 

lubricating  oils  are  said  to  be  utilized  in  the  following  manner  at 

Baku:*  The  strongest  acid  nmnings  are  worked  up  for  acid, 

while  most  of  the  other  waters,  acid  and  alkaline,  are  so  run 

together  that  they  neutralize  each  other  and  the  oils  are  caught 

on  the  surface.     The  oils  from  the  refining  of  kerosene  are  used 

^Loc,  eit, 

«  PeiroL  Rev.,  26,  195. 

•  To  separate  20  to  25  per  cent,  of  the  oil. 

*  WiscHiN,  Oeslerr.  Chem.  Tech.  Zlg.^  26,  147.  On  the  utilization  of  the 
waste  products  from  Russian  refineries,  see  also  Markovnikov,  Petrol. 
Ind.  Techn.  Rev.,  3,  Suppl,  41  (1900). 

»  PyhalX,  Petroleum,  3,  571. 
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for  low-grade  burning  oils  and  as  adulterants  in  soap-making. 
The  spent  liquore  from  the  making  of  lubricating  oils  give  rise 
to  oiis  that  are  much  used  for  soap  filling  or  mixing  with  fata  to 
make  low-grade  soaps.  Siccatives,  varnishes,  greases,  and 
electrical  insulating  materials  have  also  been  made  from  these 
oils.* 

Russian  experience  has  shown  that  dilution,  air,  and  light  are 
the  three  principal  factors  involved  in  the  decomposition  of  sludge 
acid.  In  purifying  the  separated  acid,  Russian  petroleum 
chemists  have  found  that  an  addition  of  0.5  to  1.0  per  cent,  of 
bleaching  powder  or  potassium  chlorate  ia  efficacious,  but  we  are 
not  aware  that  such  a  procedure  has  been  used  in  practice.  By 
allowing  the  sulphiu-ic  acid  to  react  at  high  temperatures  on  air- 
dried  fire  clay,  Zaloziecki'  obtained  light-colored  solutions  free 
from  organic  matter  and  utilizable  for  making  aluminum  sul- 
phate or  alum;  this  method  has  decided  limitations  and  ia  not 
in  use,  so  far  as  the  authors  can  learn. 

Several  patented  processes  for  the  regeneration  of  sludge  acid 
may  be  briefly  noted  in  passing.  Stolzcnwald'  recovers  the  sul- 
phuric acid  and  oils  from  waste  acid  by  continuously  introduc- 
ing the  crude,  or  water-treated,  and  heated  sludge  from  below 
into  a  vertical  heating  apparatus  of  tubular  form  provided  with 
a  dome  and  gaa  delivery  tube,  and  heated  gradually  stronger 
from  the  top.  The  Steaua  Romana  Petroleum  Ges.  m.  b.  H,* 
separates  "black  acid"  in  the  usual  way,  and  then  allows  it  to 
flow  continuoualy  into  pure  concentrated  sulphuric  acid,  heated 
to  its  boiling  point  and  into  which  a  current  of  air  is  passed  to  oxi- 
dize the  impurities;  the  acid  vapors  are  then  condensed  in  a  suit- 
able apparatus.  The  process  of  the  De  Bataafsche  PetTOleum 
Maatschappij*  for  working  the  acid  fars  from  refineries  consists 
in  diluting  the  tar  with  water  in  such  amount  that  the  recovered 
sulphuric  acid  has  a  concentration  of  at  most  52''B6.  The  acid 
tar,  so  diluted,  is  then  heated  to  140°  to  165''C.  under  7  atmos- 
pheres pre.ssure.     In  the  process  of  the  Riltgerswerke  A.-G.'  for 

•  On  the  preparation  ot  resins  from  lubricating  oil  reBiduum  at  Baku,  s 
Aditasievitcb,  Zap.  imp.  russh.  techn.  obBchtsch,,  U,  93. 

*  Chem.  Rev.  FcU-  Harz-hid.,  0,  27. 

*  German  Patent  212000,  Aug.  6,  1007. 
•German  Patent  221615,  June  19,  1909. 
»  German  Patent  257763,  Oct.  2,  1910. 

•  German  Patent  261777,  Jan.  12,  19H. 
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working  up  the  acid  resins  from  the  sulphuric  acid  washings  of 
mineral  oil,  the  various  viscous  crude  washing  acids  are  mixed 
together  in  a  funnel-shaped  lead  vessel,  diluted  with  about  one- 
third  part  of  water  and  mixed  with  tar  oils,  whereupon  the  mix- 
tui'e  is  thoroughly  agitated  at  about  70''C.  and  then  allowed  to 
settle.  After  about  12  hr.,  the  waste  sulphuric  acid  is  drawn  off 
as  the  lower  layer,  and  the  separated  resin-acid-tar  solution  is 
worked  further,  after  the  last  acid  residues  have  been  extracted 
with  soda  lye, 

American  Practice  ia  the  Regeneration  of  Sludge  Acid. — As 
early  as  18C4,  R.  G.  Loftus  claimed  a  process  of  recovering  the  acid 
used  in  refining  Pennsylvania  petroleum.  According  to  his 
patent,'  the  spent  acid  is,  first,  diluted  with  50  per  cent,  of  water, 
subjected  to  Station  and  then  repose  in  a  lead-lined  tank,  and 
the  oily  matters  subsequently  drawn  off;  second,  the  diluted 
acid  is  concentrated  by  evaporation  to  from  1.650  to  1.700  and 
subjected  to  further  dilution  and  repose;  third,  the  clear  liquid 
is  siphoned  off  from  the  heavier  impurities  and  again  concentrated 
to  from  1.650  to  1.700;  and,  fourth,  it  is  concentrated  in  glass, 
porcelain,  or  other  suitable  vessels  to  a  specific  gravity  of  1.845. 

Another  early  patented  process,  that  of  L.  S.  Fales,=  relates  to 
effecting  the  separation  of  the  tarry  matters  from  the  spent  acid 
of  oil  refineries.  The  spent  acid,  either  with  or  without  the 
addition  of  potassium  sulphate  or  of  ammonia,  and  diluted  with 
water,  is  subjected  to  the  action  of  ammoniacal  vapors  from  gas 
liquor,  and  then  allowed  to  stand,  when,  it  is  claimed,  the  tarry 
matters  are  removed,  leaving  a  clear  solution,  which  is  then 
concentrated  by  evaporation,  sodium  sulphate  being  first  added. 

In  the  process  of  A,  Penissat,^  sulphuric  acid  is  recovered  from 
the  refuse  in  the  treatment  of  "coal  oil"  by  washing  the  acid 
from  the  tar,  evaporating  down  to  about  dO^Bfi.,  and  then  vapor- 
izing, condensing,  and  producing  the  "white"  sulphuric  acid  and 
concentrating,  F.  F,  Farrar  and  F.  P.  Gill*  reclaim  acid  from 
the  residuum  tar  of  refineries  by  mixing  the  tar  with  hot  water  and 
steeping  with  heat,  then  allowing  it  to  cool  and  settle,  when  the 
acid  and  tar  are  drawn  off  from  below;  the  acid  water  is  then 
heated,  the  purer  liquor  withdrawn  from  the  bottom  and  the  water 


'  Uoited  States  Patent  43157,  June  14,  1864. 
»  United  States  Patent  97182,  Nov.  23,  1869. 

•  United  States  Patent  204244,  May  28,  1878. 

•  United  States  Patent  206309,  July  23,  1878. 
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evaporated.  According  to  tho  process  of  H.  Bower,'  sulphuric 
,  acid  IB  recovered  by  washing  the  sludge  acid  with  water  in  covered 
tanka,  mechanically  separating  the  sulphuric  acid  solution  and 
carbonaceous  matters  from  the  oiiy  ingrcdiont-s,  as  by  centrifugal 
mactiines,  separating  the  acid  solution  from  the  carbonaceous 
matters  by  heating  in  a  series  of  concentrators,  and  finally  con- 
centrating and  distilling  the  separated  sulphuric  acid  solution. 
E,  Clark'  claimed  a  procedure  whcxoin  the  offensive  vapors  are 
conducted  off  by  an  exhaust  produced  by  an  induced  steam  blast 
while  the  sludge  is  being  agitated  by  steam,  R.  M.  Breinig* 
mixes  with  the  sludge  a  soap  compound  adapted  to  unite  with 
the  sludge  tar,  and  then  separates  the  free  acid  from  the  tarry 
mass.  H,  de  Grousilliers*  recovers  sulphuric  acid  from  sludge 
acid  by  first  removing  the  petroleum  or  tarry  impurities  by 
Boating  them,  then  adding  sodium  sulphate  to  the  waste  acid, 
precipitating  the  bisulphate  formed  by  boiling  and  evaporation, 
then  depriving  the  precipitate  of  its  aqueous  substance  by  heat- 
ing to  a  moderate  red  heat,  and  finally  vaporizing  and  condensing 
the  sulphuric  acid.  W.  Waring  and  J.  E.  Breckenridge*  mix 
about  4  per  cent,  of  sodium  nitrate  with  sludge  acid,  at  a  tempera- 
ture between  60°  and  ISO"!-".,  to  purify  it  and  permit  the  recovery 
of  the  sulphuric  acid.  John  L.  Gray  claims'  the  production  of 
pitch,  asphalt,  etc.,  from  petroleum  sludge  by  digesting  the  latter 
with  water,  steam  or  dilute  acid  recovered  from  sludge,  imtil  the 
major  portion  of  the  acid  has  been  removed,  and  then  heating  by 
a  steam  spray  until  the  mass  is  converted  into  pitch.  lie  also 
claims  a  process'  wherein  acid  sludge  is  digested  with  water,  air 
and  steam  until  the  Ught  constituents,  including  unsaturated  hy- 
drocarbons, rise  to  the  top,  these  then  being  withdrawn  and  the 
digestion  continued  until  a  second  grade  rises,  a  heavy  residuum 
being  withdrawn  from  the  bottom  and  the  weak  acid  finally 
separated.  In  another  process  of  John  L.  Gray,*  acid  is  separated 
from  petroleum  sludge  by  two  washings,  the  weak  acid  from  the 

^United  Slates  Patent  230171,  July  20,  1880. 
•United  States  Patent  232685,  Sept.  28,  IBM. 
•ynitod  States  Patent  300897,  Oct.  21,  1884. 

•  United  States  Pal«nt  378774,  Feb.  28,  1888. 

•  United  States  Pat#.nt  643578,  Feb.  13,  1900. 

•United   States  Patent   B23427,  June  1,  1009;  ewj,  in  this  connection, 
Thiklb,  Chem.'Zlg.,  3T  (1913),  841. 

•  United  States  Patent  923428,  June  I,  1909. 
I  United  States  Patent  923429,  June  1.  1909. 
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second  washing  being  used  in  the  first  washing  of  a  succeeding 
body  of  sludge.  Schildhaus  and  Condrea^  heat  acid  tar  or  sludge 
to  200°-300°C.,  and,  at  the  same  time,  introduce  a  current  of  air, 
heated  to  about  the  same  temperature,  into  the  retort;  the  liquid 
hydrocarbons  contained  in  the  distillation  products  are  condensed 
and  the  remaining  gases,  containing  sulphurous  acid,  are  washed, 
first  with  a  heavy  hydrocarbon  oU,  and  then  with  sulphuric  acid. 
Finally,  it  may  be  noted  that  van  Tienen*  recovers  hydrocarbons 
and  sulphuric  acid  from  acid  tar  by  mixing  therewith  sufficient 
water  to  dilute  the  acid  yielded  by  the  tar  to  a  specific  gravity  of 
not  more  than  52^B6.,  and  heating  the  mixture  at  a  pressure  of 
about  7  atmospheres  and  a  temperature  of  140°  to  165®C.  The 
liquid  is  said  to  separate  into  two  layers,  one  containing  regener- 
ated oils  and  the  other  sulphuric  acid. 

Still  more  recently  some  attention  has  been  given  to  apparatus 
for  recovering  refinery  acids'  and*  to  apparatus  for  concentrating 
weak  acid  from  sludge.^ 

At  the  present  time  there  are  several  American  plants  which 
are  devoted  to  the  recovery  of  sulphuric  acid  from  sludge  acid; 
but  there  are,  in  addition,  a  number  of  smaller  plants  forming 
a  part  of  large  refineries  and  not  operated  independently  as  in  the 
case  of  those  mentioned. 

An  acid-recovery  plant  consisting  of  the  following  parts,  has 
been  used  in  some  refineries: 

1.  A  separator  for  removing  the  tarry  matter  from  the  sludge 
acid.  This  may  consist  of  a  shallow-hooded  lead  pan,  12  ft. 
by  55  ft.  by  1  ft.  deep,  with  1,500  ft.  of  1-in.  tight  lead  steam 
coil  in  the  bottom. 

2.  A  series  of  three  shallow  lead  pans  ("weak  acid  pans"), 
covered  with  brick  arches.  These  pans  may  be  6  ft.  wide  by  45 
ft.  long  by  1  ft.  deep. 

3.  A  series  of  "strong  acid  pans,*'  consisting,  for  the  above 
specified  equipment,  of  two  shallow  lead  pans  of  the  same  di- 

1  United  States  Patent  956184,  Apr.  26,  1910.     Cf.  llnitetl  States  Patent 
1010221, Nov.  28,  1911,  of  J.  S.  and  A.  A.  Blowski. 
«  United  States  Patent  1000646,  Aug.  15,  1911. 

*  See,  for  example,  Gellen's  United  States  Patent  1063025,  May  27, 
1913. 

*  In  this  connection,  see  Blacheb  and  Sztencel,  United  States  Patent 
956276,  Apr.  26,  1910;  and  E.  B.  Gray,  United  States  Patent  1005425, 
Oct.  10,  1911. 
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mensions  and  two  iron  stills  or  pans,  3  ft.  by  7  ft.  by  9  ft,  deep, 
also  housed  in  brick. 

The  operation  of  this  plant  is  as  follows:  Sludge  acid  is  treated 
with  water  to  yield  a  "separated  acid"  of  about  SS^B^.,  contain- 
ing about  1.2  per  cent,  of  oil.  This  separated  acid  enters  the 
separator  and  is  heated  with  the  steam  coil  therein  to  230°F. 
Thence  it  enters  the  weak  acid  pans,  where  heat  is  either  applied 
to  the  surface  of  the  acid  by  means  of  oil  burners  or  underneath 
firing  is  used.^  At  a  temperature  of  330''F.  and  a  gravity  of 
56°B£.,  it  passes  thence  to  the  strong  acid  pans,  and  from  these, 
at  a  gravity  of  64°B6.,  it  passes  to  the  iron  stills,  from  which 
66''B^.  acid  emerges  at  a  temperature  of  450°F. 

The  black,  viscous  sludge  acid  from  the  chemical  treatment 
of  the  lubricating  oils*  is  sometimes  combined  with  the  sludge 
from  the  burning  oils.^  In  any  case,  the  sludge  is  agitated  with 
water  in  a  lead-lined  separator,  and  the  weak  acid  which  is  re- 
covered is  concentrated  first  in  lead  pans  and  finally  in  cast- 
iron  stiUs  to  a  gravity  of  ee^Bfi.  The  residue  is  used  for  fuel  or 
is  worked  into  pitch,* 

Treatment  with  Caustic  Soda. — The  caustic  soda  (sodium 
hydroxide)  which  is  used  after  the  treatment  with  sulphuric 
acid,  removes  the  unchanged  petroleum  acids  and  phenols, 
besides  neutralizing  and  removing  the  sulpho-acids  and  the 
sulphuric  acid  remaining  in  the  oil.  Attempts  have  been  made 
to  replace  caustic  soda  by  other  reagents,  such  as  sodium  car- 
bonate, and  the  oxides  of  magnesium,  calcium,  iron,  and  alurnin- 
um.  These  have  generally  been  unsuccessful,  although  milk  of 
lime,  or  slaked  lime,  is  said  to  be  employed  in  some  small  Cauca^ 
uan  refineries.*  and  prominent  American  refiners  state  that  soda 
ash  is  more  satisfactory  than  caustic  soda  for  the  treatment  of 
lubricating  oils,  Michler*  has  recommended  the  employment  of 
silicate  of  soda,  either  alone  or  in  conjunction  with  catistic  soda 
or  soda  ash.  Processes  have  also  been  proposed,  but  not  em- 
ployed commercially,  for  dispensing  with  the  alkali  treatment 

'  The  practice  variea.  It  ia  the  experience  of  some  reGners  that  a  large 
loss  of  acid  results  when  hoat  is  applied  directly  to  the  surface  of  the  acid  by 
oil  burners;  they  therafore  heat  the  pans  by  underneath  firee. 

'  See  p.  463. 

■  See  p.  460. 

•  See  the  process  of  John  L.  CIuat,  p.  689. 
» Cf.  p.  606. 

•  Eng.  Min.  J,,  68  (1898),  338. 
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by  substituting  filtration  through  powdered  glass,  sand,  clay, 
fullers'  earth,  etc.,  in  order  to  remove  the  tar  products. 

The  Recovery  of  Alkali. — In  1870,  W.  Goodaire  and  G.  Stead^ 
claimed  an  improvement  in  restoring  the  waste  alkali  used  in 
American  oil  refineries.  In  their  process,  spent  alkali  liquor  is 
evaporated  to  a  paste,  and  then  calcined  to  consimie  the  oleagin- 
ous portions,  leaving  "black  ash,"  which  is  leached,  and  the  hot 
filtrated  liquid  treated  with  hydrated  lime.  It  would  seem  that 
the  practice  of  recovering  the  alkali  used  in  the  treatment  of 
petroleimti  was  begun  in  the  United  States  shortly  after  the  is- 
suance of  this  patent,  and  that  the  shale  oil  refiners  of  Scotland 
adopted  a  similar  practice  in  1874.^ 

Hell  and  Medinger'  conducted,  in  1874,  perhaps  the  first  scien- 
tific investigation  of  the  sludge  acids  and  alkali  residues,  and 
isolated  an  acid  of  the  formula  C11H20O2.  In  1890,  Aschan* 
separated  from  the  residues  of  Baku  petroleum  hexanaphthenic 
acid  and  two  acids  to  which  he  gave  the  formulas  C8H14O2  and 
C9H10O2.  Organic  bases  corresponding  to  pyridine  bases  have 
also  been  isolated. 

Rosenfeld-Rosian*  states  that  the  petroleum  acids  are  ob- 
tained by  treating  the  alkali  residues  with  the  acid  residues. 
The  oil  which  separates  out  is  digested  with  superheated  steam, 
and  then  washed  with  a  dilute  solution  of  sodium  carbonate. 
After  being  heated  with  water  for  several  hours,  it  is  treated 
with  gaseous  hydrochloric  acid,  and  the  pure  esters  of  the 
petroleum  acids  are  obtained.*  Kharitchkov^  has  considered 
the  commercial  values  of  the  principal  constituents®  of  alkali 
sludge. 

Guiselin*  has  recommended,  especially  for  Rumanian  and 
similar  oils,  treatment  immediately  after  distillation  with  the 
(exact  amount  of  sodium  hydroxide  solution  (35°B6.)  required  to 

1  United  States  Patent  1Q1003,  Mar.  22,  1870. 

'  For  Scottish  methods,  see  I.  I.  Redwood's  "Mineral  Oils  and  their  By- 
products," 1914,  206. 

*Ber,,  7,  1216;  10,451. 

<  Idem,  23,  867;  24,  2710;  26,  3661;  Ann.,  324,  1. 

»  Chem,  Tech,  Ztg.y  29,  177. 

•  For  a  further  account  of  these  acids,  see  p.  888. 

^Tekhn.  Westn.y  1  (1907),  131;  Chem.-Ztg.  Repert.,  31,  266. 

'  Mainly  monobasic  naphthene  acids  of  cyclic  constitution,  according  to 
Kharitchkov. 

»  Mat,  grasses,  6,  2638. 
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neutralize  the  naphthenic  acids.  He  states  that  no  troublesome 
emulsions  are  then  produced, 

Otto^  has  introduced  the  following  method  for  the  recovery  of 
Bodium  hydroxide  from  the  caustic  by-producta  of  refineries: 
Carbon  dioxide  is  passed  through  the  by-product  until  the  latter 
is  completely  saturated,  Tho  product  then  consists  of  a  lower 
layer,  containing  in  water  solution  84  to  90  per  cent,  of  the  quan- 
tity of  sodium  hydroxide  used,  and  an  upper  layer  containing 
naphthene  acids  anti  the  remainder  of  the  alkali.  The  lower 
layer  is  removed  and  treated  with  lime  to  obtain  the  sodium 
hydroxide  held  in  solution. 

In  the  Baku  region'  the  alkali  which  has  been  used  in  the  re- 
fining of  petroleum  is  usually  evaporated  in  cascade  to  the  con- 
sistency of  Boap,  calcined  and  then  causticized.  The  solutions 
have  also  been  evaporated  to  a  soapy  consistency  and  then  used 
aa  fuel  for  the  first  evaporation  of  other  liquors,  as  they  contain 
considerable  heating  power. 

Wiachin'  has  patented  a  method  for  recovering  sulphuric  acid 
and  sodium  hydroxide  from  Baku  refinery  wastes,  wherein  the 
acid  solutions  are  calcined  in  cast-iron  retorts,  with  or  without  the 
addition  of  sawdust  or  coke,  and  the  sulphuric  anhydride  thus 
freed  is  led  through  a  battery  of  the  alkaline  solutions,  liberating 
the  organic  acids  and  leaving  sodium  acid  sulphate  in  solution. 
Thia  solution  is  then  evaporated,  and  sulphuric  anhydride  is 
driven  off,  leaving  sodium  sulphate,  which  is  finally  worked  up 
into  sodium  hydroxide  and  sulphuric  add. 

On  Refining  Petroleum  by  Liquid  Sulphur  Dioxide. — In  the 
chemical  treatment  of  petroleum  sulphuric  acid  is  mainly  used  for 
the  purpose  of  removing  the  resinous  matters  and  certain  hydro- 
carbons such  as  olefiues,  these  constituents  being  separated  out 
in  the  form  of  residual  sludge.  For  the  removal  of  the  aromatic 
hydrocarbons  considerable  quantities  of  sulphuric  acid,  some- 
times in  the  state  of  "fuming  acid,"  have  to  be  used,  according 
to  the  proportion  of  these  hydrocarbons  present  in  the  distillate, 
and  this  often  renders  the  process  costly.  The  employment  of 
large  quantities  of  sulphuric  acid,  especially  fuming  sulphuric 
acid,  has  a  further  drawback:  it  does  not  attack  only  the  aro- 

'  Petrol.  Ind.  Teehn.  Rev.,  2,  284. 

•WlscHiN,  0*Blf-rr.  Chem.  Tech.  Zlg.,  36,  147.  See  also  Markovnikov, 
Petrol.  Ind.  Techn.  Rev.,  3,  Suppl.,  41  (1900). 
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matic  and  unsaturated  hydrocarbons,  but  also  destroys  a  certain 
quantity  of  the  saturated  constituents;  the  process  has  thus  the 
disadvantage  of  still  further  reducing  the  proportion  of  useful 
hydrocarbons  finally  obtained. 

In  order  to  avoid  the  drawbacks  of  the  chemical  treatment,  it 
is  necessary  to  substitute  a  physical  method  of  extraction. 
The  constituents  of  the  petroleum  must  be  treated  with  a  solvent 
which  dissolves  the  hydrocarbons  of  the  unsaturated  and  aro- 
matic groups  but  leaves  the  satiu*ated  hydrocarbons  undissolved. 
In  this  manner  the  two  classes  of  hydrocarbons  can  be  sepa- 
rated one  from  another  and  employed  in  the  way  for  which  they 
are  suited. 

The  most  important  point  in  the  solution  of  this  problem 
consisted  in  the  discovery  of  an  appropriate  solvent,  and  finally 
liquefied  sulphiu*  dioxide  was  found  to  be  a  satisfactory  material.* 
This  substance  readily  dissolves  the  unsaturated  and  certain 
aromatic  hydrocarbons,  which  are  responsible  for  the  unsatis- 
factory burning  and  odor  characteristic  of  certain  kerosenes, 
and  leaves  undissolved  the  useful  illuminating  oU.  Frasch  at- 
tempted to  accomplish  this  object  by  the  application  of  alcohol,* 
but  liquefied  sulphiu*  dioxide  is  claimed  to  have  certain  ad- 
vantages which  alcohol  has  not.  According  to  Edeleanu,  the 
chief  advantage,  apart  from  cheapness,  consists  in  the  fact  that 
liquefied  sulphiu*  dioxide  can  be  readily  recovered  from  the 
solution,  so  that  in  practice  the  solvent  can  be  used  repeatedly 
in  a  cycle  of  operations,  without  any  appreciable  loss. 

The  Edeleanu  Refining  Process  with  Liquefied  Sulphur 
Dioxide. — ^The  process  of  Edeleanu  makes  use  of  this  peculiar 
property  of  liquid  sulphur  dioxide.  If  the  distillate  is  agitated 
with  Uquid  sulphur  dioxide  at  a  low  temperature,  the  aromatic 
compounds  are  dissolved,  but  the  paraffins  and  naphthalenes  are 
unaffected.  Moreover,  owing  to  the  difference  in  the  specific 
gravity,  two  distinct  layers  are  formed,  so  that  they  may  be 
readily  separated  from  one  another. 

1  Edeleanu,  Butt.  Am.  Inst.  Min.  Eng.,  1914,  No.  93,  2313. 

*  According  to  United  States  Patent  951272,  Frasch  treats  Beaumont  or 
similar  petroleum  by  subjecting  at  least  part  of  the  smoky  burning  oil  frac- 
tion to  a  menstruum,  as  methyl  or  ethyl  alcohol,  which  has  different  actions 
on  the  smoking  and  nonnsmoking  constituents  of  the  fraction,  thereby 
separating  a  non-smoking  kerosene;  the  menstruum  is  recovered  and  used 
repeatedly.  Cf.  German  Patent  202776,  May  18,  1907,  of  Hermann 
Gxjttmann;  and  Mazet,  Mat.  grasses^  2,  1534, 
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The  procesfl  is  comparatively  simple.  A  certain  quantity  of 
the  sulphur  dioxide  is  added  to  the  petroleum  distillate  and  is 
diasolved.  This  addition  is  continued  until  the  distillate  is 
saturated,  and,  from  that  point,  each  added  portion  of  sulphur 
dioxide  dissolves  the  aromatic  constituents  and  separates  out 
with  them  as  a  distinct  layer.  Thus,  aa  the  treatment  is  con- 
tinued, the  distillate  becomes  poorer  and  poorer  in  aromatic 
hydrocarbons  until  ultimately  a  refined  distillate  ia  obtained, 
which  contains  only  a  small  amount  of  sulphur  dioxide,  and  is 
practically  free  from  the  objectionable  aromatic  constituents.' 
However,  the  nature  of  this  operation  depends  to  some  extent 
on  the  temperature.  With  a  rising  temperature  the  solubility 
of  the  paraffin  hydrocarbons  and  the  naphthalenes — which  at 
low  temperatures  are  practically  insoluble — increases  rapidly; 
whereas  the  aromatic  hydrocarbons  are  soluble  in  sulphur 
dioxide  at  all  temperatures.  It  is  therefore  important,  aa 
Edeleanu  notes,  that  the  temperature  should  be  maintained  at  a 
suitably  low  level,  particularly  in  the  case  of  distillate  rich  in 
aromatic  hydrocarbons,' 

It  has  been  found  that  the  removal  of  the  aromatic  hydro- 
carbons from  an  illuminating-oil  distillate  causes  not  only  a 
diminution  of  the  specific  gravity,  but  also  an  increase  in  the 
burning  capacity  and  illuminating  power.  The  richer  a  distillate 
is  in  aromatic  and  heavy  hydrocarbons,  the  more  prominent 
ia  the  improvement  effected  by  treatment  with  sulphur  dioxide. 
The  efTect  of  the  Edeleanu  process  is  said  to  be  clearly  discerned 
when  treating  a  Bustenari  distillate.  Whereas  the  chemical 
process  hitherto  employed  produces  a  very  inferior  illuminating 
oil  which  smokes  badly,  and,  when  burned  in  a  14-unit  Cosmos 

'Unifed  Slates  Patent  911653;  English  Patent  11140,  May  22,  1908. 
See  alao  German  Patent  216459,  May  23,  1808,  of  the  Disconto-Gesell- 

'  The  dt^ree  to  whiuh  the  process  is  affected  by  the  temperature  naturally 
depends  on  the  cature  of  the  material  refined.  For  inBtance,  in  the  case 
of  a  distillate  from  Borneo,  which  contained  as  much  as  40  per  cent,  of 
aromatic  hydrocarbons,  tieatment  with  66  per  cent,  of  liquid  sulphur  dioxide 
at  —T'C  produced  no  separation;  but  a  considerable  proportion  of  the 
aromatic  oonstUutents  could  be  separated  at  —10°.  On  the  other  hand,  in 
the  case  of  a  Mexican  distillate,  which  only  contained  about  17  per  cent,  of 
aromatic  hydrocarbons,  treatment  with  an  equal  amount  of  liquid  sulphur 
dioxide  produced  separation  even  at  a  temperature  higher  than  -j-lO'C. 
In  practice,  it  is  found  that  each  distiUat«  requires  special  treatment,  accord- 
ing  to  its  composition,  in  order  to  obtam  the  best  results. 
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burner,  developa  only  7  c.p.,  the  treatment  with  liquid  Kulphur 
dioxide  produces  an  oil  equal  in  quality  to  the  best  American 
and  Russian  oils. 

Utilization  of  Byproducts. — The  extract  obtained  in  addition 
to  illuminating  oil  contains,  as  mentioned,  aromatic  hydro- 
carbons and  hydrocarbons  rich  in  carbon.  On  account  of 
their  low  burning  capacity,  these  are  unsuitable  for  use  as  burn- 
ing oils;  nevertheless,  by  dividing  the  extract  into  two  prmlucts 
by  redistillation,  they  are  said  to  become  useful — the  lighter 
portion  as  a  turpentine  substitute  or,  mixed  with  light  benzine  or 
benzol,  as  a  motor  spirit  of  high  efficiency,  and  the  heavier  as 
motor  oil  for  Diesel  motors.  The  extract  is,  therefore,  as  regards 
the  possibility  of  turning  it  to  account,  at  least  equally  as  valu- 
able as  the  distillate.  Edeleanu'  states  that  fiuther  experi- 
ments have  shown  that  the  extract  can  be  resolved  by  special 
means  into  the  lower  homologues  of  the  aromatic  hydrocarbons. 
By  pyrogenic  distillation  the  hydrocarbons  contained  in  the  ex- 
tract are  split  up,  and,  in  addition  to  gas,  a  large  percentage  of 
tar  is  produced.  The  latter  is  distinguished  from  tar  derived 
from  coal  by  its  higher  content  of  the  lower  members  of  the 
aromatic  series  of  hydrocarbons. 

Effect  of  the  Edeleanu  Procens  on  Distillates  Containing  Sidphur. 
— It  is  further  noted  by  Edeleanu  that  liquid  sulphur  dioxide 
also  possesses  the  property  of  dissolving  out  from  crude  dis- 
tillates certain  sulphur-containing  constituents.  For  instance, 
by  treating  a  Mexican  distillate  of  0.803  specific  gravity  and 
with  a  sulphur  content  of  0.6  per  cent.,  an  oil  was  obtained 
which  showed  only  0.08  per  cent,  of  sulphur;  and  another  oil  of 
0.79  specific  gravity,  with  a  sulphur  content  of  0.46,  was  reduced 
to  0.04  per  cent,  of  sulphur. 

Industrial  Operation. — The  Edeleanu  process  was  first  tested 
in  a  small  experimental  plant  in  the  Vega  refinery  at  Ploesti, 
where  the  results  obtained  were  entirely  satisfactory,  and  shortly 
afterward  the  construction  of  the  necessary  plant  for  carrying 
out  the  process  on  a  large  scale  was  undertaken.  A  refining 
plant  was  next  installed  in  Rouen,  and  was  followed  soon  after 
by  the  constniction  of  a  plant  of  similar  size  in  Ploesti.  The 
capacity  of  the  plant  at  Ploesti,  originally  intended  to  treat  up 
to  25  tons  of  distillate  per  day,  was  soon  increased  to  70  tons 

1  BM.  Am.  InsC.  Min.  Eng.,  1914,  No.  93,  2322.     This  contribution  l 
been  freely  drawn  from  in  the  preparation  of  the  above  account. 
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a  (lay  and  the  nature  of  the  products  is  claimed  to  be  giving 
every  satisfaction. 

These  trials  were  considered  to  demonstrate  completely  the 
practicability  of  the  process  on  a  lai^e  scale.  A  large  petroleum 
concern  later  ordered  a  plant  with  a  daily  capacity  of  250  tons, 
and  in  1914  an  increase  to  500  tons  was  contemplated.  In  1914, 
there  were  other  largo  plants  in  course  of  construction  in  Galicia, 
Rumania,  Borneo,  India,  etc. 

The  following  description  of  the  treatment  of  a  Rumanian 
dislUlate  from  Bustenari,  is  given  by  Edeleanu.' 

The  dried  distillate  to  be  treated  passes  through  filters  charged 
with  salt,  is  collected  in  a  receiver,  and  finally  reaches  the 
distillation  cooler  after  going  through  a  cold-exchanging  ap- 
paratus.  The  temperature  of  the  distillate  is  first  lowered  in 
the  cold-exchanging  apparatus  and  is  then  further  cooled  in  the 
distillation  cooler  itself  until  it  reaches  the  desired  low  tem- 
perature. Similarly,  the  liquid  sulphur  dioxide  coming  from 
the  vessel  passes  through  a  second  cold-exchanging  apparatus, 
where  its  temperature  is  reduced  somewhat,  and  from  thence  to 
the  sulphur  dioxide  cooler  itself,  where  it  receives  the  necessary 
final  coohng.  The  arrangement  is  shown  in  Fig.  201.  The 
distillate  cooled  to  about  —  10''C.  is  now  let  into  the  lower  mixer, 
a  cylindrical  vessel  which  is  providetl  with  level  gauges,  and  in 
its  lower  part  with  gauge  glasses,  so  that  the  reaction  in  the 
liquid  may  be  accurately  observed. 

The  introduction  of  the  liquid  sulphur  dioxide  into  the  mixer 
begins  immediately.  The  sulphur  dioxide  is  at  first  entirely 
absorbed  by  the  distillate,  without  any  appreciable  change  of 
the  hquid.  As  soon  as  the  distillate  is  saturated  with  the  liquid 
sulphur  dioxide,  dark  cloudy  masses  begin  to  rise,  and  the  color 
changes  suddenly  to  a  deep  brown.  This  change  of  color  b 
brought  about  by  the  separation  of  the  liquid  sulphur  dioxide 
loaded  with  the  aromatic  bydrocarhons.  There  are  now  two 
sharply  divided  layers  which  may  be  distinctly  observed  through 
the  level  gauges.  As  soon  as  there  is  a  certain  quantity  of 
extract  formed,  the  drawing-off  commences;  at  the  same  time 
further  quantities  of  Uquid  sulphur  dioxide  are  supplied  to  the 
mixer. 

The  extract  is  drawn  by  the  extract  pump  through  the  cold- 
exchanging  apparatus  into  the  extract  evaporator.    In  tho  oold- 

'  Lot.  eit. 
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exchanging  apparatus  it  meets  the  conaparatively  warm  distillate 
flowing  to  the  distillation  cooler  (as  described  above),  by  which 
its  temperature  is  considerably  raised.  In  this  way  the  distillate 
receives  a  preliminary  cooling  and  the  extract  a  preliminary 
warming.  The  latter  is  then  further  warmed  in  the  extract 
evaporator,  which  is  provided  with  heating  coils.  This  causes 
the  rapid  evaporation  of  the  dissolved  sulphur  dioxide,  which 
flows  directly  into  a  condenser,  where  it  accumulates  in  the  form 
of  a  liquid;  it  is  then  stored  in  the  reservoir,  from  whence  it 
again  commences  its  cycle. 

As  soon  as  the  greater  part  of  the  sulphur  dioxide  contained  in 
the  extract  has  been  driven  off,  the  evaporation  is  gradually 
brought  to  a  stop.  The  final  remaining  portion  of  the  sulphur 
dioxide  is  held  very  tenaciously  by  the  extract,  and  cannot  be 
expelled  merely  by  the  application  of  heat.  In  order  to  prepare 
the  extract  evaporator  for  a  fresh  charge,  the  extract  with  its 
etill  remaining  small  content  of  sulphur  dioxide  is  run  into  an 
auxiliary  evaporator.  Here,  the  balance  of  the  sulphur  dioicide  is 
drawn  o£E  by  a  sulphur  dioxide  gas  pump,  under  continuous 
appUcation  of  heat,  and  is  sent  to  the  condenser.  This  is  con- 
tinued until  about  0.3  per  cent,  etill  remains  in  the  extract,  when 
the  latter  is  removed  from  the  auxiUary  evaporator. 

The  refined  product  is  pumped  through  the  second  cold-ex- 
changing apparatus  into  the  second  evaporator.  It  meets  in  the 
cold-exchanging  apparatus  the  liquid  sulphur  dioxide  flowing 
from  the  tank  to  the  cooler,  and  is  raised  to  practically  the  same 
temperature.  In  this  way  the  liquid  sulphur  dioxide  receives  a 
preliminary  cooling  (just  as  in  the  case  of  the  distillate).  The 
refined  product  is  then  collected  in  the  evaporator  and  undergoes 
a  similar  process  of  evaporation  as  the  extract.  By  means  of 
heat  and  continued  suction  the  sulphur  dioxide  is  almost  com- 
pletely removed,  only  about  0.1  or  0.2  per  cent,  remaining;  at 
this  stage  the  refined-product  evaporator  is  emptied. 

The  treated  distillate,  after  being  waalied  and  neutralized  with 
an  alkaline  solution,  may  be  used  as  finished  iliuminating  oU. 
In  some  cases,  however,  subsequent  treatment  with  very  small 
quantities  of  sulphur  dioxide  is  said  to  be  advantageous  in  order 
to  obtain  a  "  water- white "  color. 

The  exhaust  steam  from  the  engine  which  drives  the  plant,  is 
utilized  for  the  heating  of  the  evaporators. 

While  the  evaporating  process  is  still  proceeding  in  the  extract 
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evaporator,  a  new  operation  takes  place,  a  freshly  cooled  distil- 
late being  admitted  to  the  mixer  and  Baturated  with  liquid 
sulphur  dioxide,  until  again  fresh  quantities  of  extract  settle  out. 
By  this  time  the  evaporation  in  the  extract  evaporator  is  also 
finished  and  the  apparatus  emptied,  so  that  the  new  operation 
may  be  continued  without  interruption. 


RaflDed  Pmdact 
(rm  riDm  Ihe  DIKlUate)  (!3*  tnm  Iho  DlnlUitt) 

Fig.  202.— Plnn  of  the  Edeleanii  iirwoss. 

The  cooling  of  the  distillate  and  sulphur  dioxiiic  collected  in 
the  two  cooling  vessels  is  effected  in  the  usual  manner  by  the  aid 
of  cooling  coils,  which  form  a  part  of  a  separately  working  cooling 
machine.  The  cold-producing  medium  enters  the  cooling  tubes 
as  a  liquid,  evaporiitcs  on  accoimt  of  the  continuouj^  low  i)rcsaure 
produced  by  the  suction  of  the  compressor  of  the  cooling  machine, 
ami  abstracts  from  its  surroimdings,  i.e.,  the  distillate  and 
liquid  sulphur  dioxide,  the  heat  required  for  its  evaporation.     The 
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vapor  of  this  cooling  machine  is  afterward  sucked  up  by  the 
compressor  and  led  to  the  condenser  of  the  cooling  taachine, 
where  it  is  again  collected  in  liquid  form. 

The  method  of  working  ia  shown  graphically  in  Fig.  202.  In 
this  diagram  it  is  shown  how  fresh  distillate  is  continuously 
entering  the  system,  and  how  it  finally  leaves  the  system  sepa- 
rated into  refined  product  and  extract,  and  how  the  sulphur 
dioxide,  which  effects  the  splitting  up,  ia  recovered  with  the 
exception  of  a  very  small  quantity,  and  is  then  used  again 
for  the  process,  making  a  complete  cycle.     To  quote  Edeleanu: 

"  It, may  also  be  seen  that  of  the  distillate  put  into  the  system  nothing 
is  lost;  the  products  treated,  ™.,  the  volume  of  extract  and  the  refined 
product,  together  arc  equal  in  volume  to  that  of  the  original  distillates. 

"As  the  sulphur  dioxide  performs  a  complete  cycle,  it  cannot,  when 
once  entering  the  system  in  a  pure  and  anhydrous  condition,  give  rise 
to  any  undesirable  complications.  It  is  weU  known  that  liquid  sulphur 
dioxide  is  quite  inactive  toward  metals,  so  that  there, is  no  fear  of  the 
apparatus  becoming  injured  or  destroyed  in  the  course  of  time. 

"However,  great  care  must  be  taken  that  no  moisture  is  introduced 
into  the  system  with  the  distillate.  The  latter  should,  therefore,  as 
mentioned  above,  pass  through  several  drying  filters  before  it  enters  the 
apparatus,  in  order  that  all  the  moisture  may  be  removed.  Inasmuch  as 
the  system  is  perfectly  air-tight  throughout,  there  is,  of  course,  no  possi- 
bility of  moisture  from  the  atmosphere  penetrating  into  it. 

"The  fact  that  the  whole  of  the  apparatus,  pipes,  valves,  etc.,  are 
completely  air-tight  is  responsible  for  the  fact  that  scarcely  the  faintest 
odor  of  sulphur  dioxide  is  perceived  in  the  plant.  This  is  of  the  greatest 
importance  for  the  welfare  of  the  workmen  who  are  in  attendance  at  the 
plant." 

The  arrangement  of  the  plant  is  such  that  from  the  operator's 
platform  the  ctmlers  which  are  placed  high  and  the  evaporators 
which  are  below,  as  well  as  the  mixer  in  the  center,  may  be  watched 
and  attended  to.  The  important  pipes  with  their  control  valves 
are  placed  on  a  regulating  table,  so  that  the  operator  in  charge 
of  the  refining  process  can  take  care  of  all  the  necessary  regulat- 
ing and  connecting  manipulations  without  leaving  his  place  of 
observation. 

Workirig  Results. — The  working  results  of  a  plant  with  an 
average  daily  capacity  of  treating  about  65  tons  of  distillate  per 
24  hr.,  as  were  reached  in  the  plant  at  Ploesti,  are  given  in  the 
following  table,  prepared  by  Edeleanu.' 

>Loc.  cU. 


^ 
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Specific  gravity  of  the  crude  distillate  to  be  treated 0.820 

Average  time  of  operation,  xainutes 68 . 0 

Quantity  of  distillate  treated  at  each  operation,  kilograms 3,115.0 

Temperature  in  the  mixer,  degrees  Centigrade —10.0 

Specific  gravity  of  treated  product 0.8028 

Specific  gravity  of  extract 0 .8691 

Sulphurous  acid  left  in  the  treated  product,  per  cent 0 .  16 

Sulphurous  acid  left  in  the  extract,  per  cent 0 .  36 

Consumption  of  fresh  steam  per  operation,  kilograms 1,200.0 

Consumption  of  fresh  steam  per  1,000  kg.  distillate,  kilograms  385.0 

Consumption  of  exhaust  steam  per  operation,  kilograms 648.0 

Consumption  of  exhaust  steam  per  1,000  kg.  distillate,  cubic 

meters 208.0 

Cooling Vater  used  per  operation,  cubic  meters 17. 1 

Cooling  water  used  per  1,000  kg.  distillate,  cubic  meters 5.5 

Loss  of  sulphurous  acid  per  operation,  kilograms 17.5 

Loss  of  sulphurous  acid  per  1,000  kg.  (distillate),  kilograms —  5.6 

From  the  above  figures,  the  cost  of  treating  a  Rumanian 
Bustenari  distillate  can  be  calculated  as  follows: 

Cost  op  Treatment  in  a  Plant  of  65  Tons  Daily  Capacity 

Cost  of  Plant:  Francs 

Machines  and  apparatus 130.000 

Buildings,  construction,  freight,  duty  and  other  expenses  .  100,000 

Total 230,000 

Amortization  and  Interest: 

Amortization                                 =  10  per  cent,  of  130,000  13,000 

Amortization                                 =    5  per  cent,  of  100,000  5,000 

Interest  on  the  invested  capital  =    5  per  cent,  of  230,000  11,500 

Total 29,500 

In  325  working  days,  at  65  tons  per  day,  there  will  be  21,125 
tons  treated,  so  that  the  amortization  and  interest  amount  to 

fr.  1.306  per  ton,  or  per  100  kg 0.140 

Maintenance,  Labor,  etc. : 

Repairs,  working  materials 6,000 

Wages  and  salaries 8,000 

Insurance,  1 H  per  cent 3,450 

Lighting  and  heating 2,400 

,   Drying  salt,  unforeseen  expenses 3,000 

Total 22,850 

The  cost  of  maintenance  and  labor,  therefore,  amount  to  fr. 

1.082  per  ton,  or  per  100  kg 0.108 
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Cost  of  Materials: 

There  are  required  for  each  1,000  kg.  of  distillate:  Francs 

3S5  kg.  fresh  steam  at  fr.  3.50  per  ton 1 .  35 

208  kg.  exhaust  steam  at  f  r.  1.50  per  ton 0 .  31 

5.5  cu.m.  cooling  water  at  fr.  0.04  per  cu.m 0 .  22 

5.6  kg.  sulphurous  acid  at  fr.  18.00  per  100  kg 1 .  01 

Cost  of  materials  per  1,000  kg 2.89 

Cost  of  materiab  per  100  kg 0.289 

The  total  costs  of  treatment,  therefore,  amount  to 0 .  537, 

or  practically  fr.  0.54  per  100  kg.  of  distillate,  or  $0,928  per  ton.  It  must 
also  be  taken  into  account  that  fr.  18  per  100  kg.  of  sulphurous  acid  is  a 
very  high  figure  and  refers  to  imported  sulphurous  acid.  The  cost  of  this 
material  is  very  much  lower  when  sulphurous  acid  is  used  which  is  produced 
in  the  coimtry  itself,  or  actually  in  the  refinery. 


Cost  of  Treatment  in  a  Plant  of  500  Tons  Daily  Capacity 

Cost  of  Plant:  Francs 

Machines  and  apparatus 1,100,000 

Buildings,  construction,  etc 500,000 

Total 1,600,000 


Amortization  and  Interest : 

Amortization  =  10  per  cent,  of  fr.  1,100,000  110,000 

Amortization  »    5  per  cent,  of  fr.     500,000  25,000 

Interest   on   the  invested 

capital.  =    5  per  cent,  of  fr.  1,600,000  80,000 


Total 215,000 

In  325  working  days,  at  500  tons  per  day,  there  will  be  pro- 
duced 162,500  tons,  so  that  the  amortization  and  interest 

amount  to  fr.  1.323  per  ton,  or  per  100  kg 0. 132 

Maintenance,  Labor,   etc.: 

Repairs,  working  materials 40,000 

Wages  and  salaries 30,000 

Insurance,  1 J^  per  cent 24,000 

Lighting  and  heating 10,000 

Drying  salt,  unforeseen  expenses 20,000 

Total 124,000 

Brougbt  forward 0. 132 

The  cost  of  maintenance  and  labor,  therefore,  amount  to 

fr.  0.763  per  ton,  or  per  100  kg 0.076 


\ 
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Oo«t  of  Materiids: 

There  ere  xeqiiired  for  each  1,000  kg.  of  distillate: 

886  kg.  fresh  steam  at  fr.  3.50  per  ton 1.86 

206  kg.  exhaust  steam  at  fir.  1.60  per  ton 0.31 

6.6  cu.m.  eooliiig  water  at  fr.  0.04  per  cujm Q.22 

6.6  kg.  sulphurous  aoid  at  fr.  10.00  per  100  kg 0.66 

Cost  of  materials  per  1,000  kg. 2.44 

Cost  of  materials  per  100  kg. 0.244 

The  total  cost  of  treatment 0.462, 

or,  roughly,  f  r.  0.46  per  100  kg.  of  distillate,  or  $0,776  per  ton.  In  this  case, 
the  oost  oi  sulphurous  aoid  is  taken  at  fr.  10  per  100  kg.,  sulphurous  acid 
pirodueed  on  the  spot  being  reckoned.  The  cost  of  production  is  amply 
estimated  throughout. 

The  above  tables  are  based  on  figures  said  to  be  actually 
obtained  from  the  existing  plants.  It  is,  however,  to  be  antici- 
pated, that  with  further  perfection  of  the  working  of  the  process, 
the  cofitfl  will  be  reduced  even  more. 

Edeleanu  thus  summarizes  the  chief  advantages  of  this 
prooess: 

1.  The  process  makes  it  possible  to  obtain  illuminating  oil  of 
good  quality  from  the  greatest  variety  of  low-grade  oils. 

2.  The  sulphur  dioxide  employed  is  cheap  and  practically  all 
of  it  is  recovered. 

3.  Sulphur  dioxide  required  for  the  process  can  even  be  ob- 
tained from  the  acid  sludgo  available  in  the  refinery  in  the 
manufacture  of  lubricating  oils. 

Engler  and  Ubbelohde^  have  investigated  the  Edeleanu  proc- 
ess. Researches  on  a  fraction  of  Galician  petroleum  (sp.  gr.  = 
0.8150)  showed  that  the  Edeleanu  process  of  refining  gave  three 
suocessive  extracts  with  sp.  gr.  »  0.9083,  0.8932  and  0.8803,  re- 
spectivelyi  while  the  fines  amounted  to  77  per  cent,  of  the  original 
ficaction  and  had  a  density  of  0.8040.  Very  similar  results  were 
obtained  with  Mexican  and  Peruvian  oils.  When  known 
quantities  of  unsatmrated  hydrocarbons  (xylene,  pseudocumene, 
etc.)  were  added  to  the  refined  portions,  they  were  found  to  be 
almost  quantitatively  separated  by  the  Edeleanu  process.  In 
the  commercial  operation  of  the  process,  the  petroleum  dis- 

^Z.  angew.  Chem,,  86,  AufsaU.,  No.  27, 177.  The  Edeleanu  purification 
method  has  also  been  considered  by  Gad,  PetrdUum^  i,  324;  Oesterr,  Chem. 
Tedk.  Ztg.,  86, 176. 
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tillate  ia  dried,  cooled,  and  mixed  with  precooled  sulphur  dioxide 
in  a  tank  provided  with  refrigerating  coils,  the  sulphur  dioxide 
being  added  in  a  fine  spray.  When  the  desired  purification  has 
been  attained,  the  lower  layer  of  hquid  (containing  the  extracted 
unsaturated  compounds)  is  drawn  off  and  the  sulphur  dioxide 
is  evaporated  off  and  recovered,  ■  The  fines  are  usually  pale 
yellow  and  may  be  made  water-white  by  additional  refining  with 
0.5  per  cent,  of  sulphuric  acid.  They  are  of  lower  density  than 
the  original  distillate  and  possess  a  lower  density  and  greater 
illuminating  power  than  the  product  refined  by  the  old  sulphuric 
acid  process.  The  extract  ia  yellow  to  brown  in  color,  and  is 
composed  almost  entirely  of  unsaturated  hydrocarbons.  It  ia 
unsuitable  for  illuminating  purposes,  but,  by  virtue  of  its  com- 
position, that  portion  of  the  extract  boiling  below  200°  furnishes 
an  excellent  turpentine  substitute.  The  higher  boiling  constitu- 
ents of  the  extract  arc  suitable  for  fuel  purposes  or  for  gas  pro- 
duction. The  cost  of  the  Edeleanu  process  on  the  basis  of  re- 
fining 62  tons  of  crude  distillate  daily  has  been  found  to  be  0.436 
M.  per  100  kg.  The  process  is  considered  by  Engler  and  Ubbe- 
lohde  to  bo  a  radically  new  departure  and  to  be  of  the  greatest 
technical  importance. 

OTHER  METHODS  OF  REFINING 

It  has  been  proposed  to  replace  sulphuric  acid  by  certain 
other  refining  agents,'  but  none  of  these  substitutes  has  come  into 
general  employment.  A  number  of  special  refining  methods 
follow. 

Treatment  with  Sulphuric  Anhydride. — ^As  mentioned,  oleum, 
or  fuming  siilphuric  acid,  has  been  used  instead  of  66°B^. 
sulphuric  acid,  particularly  in  cases  where  the  oils  are  difiicult  to 
refine;  and  it  has  been  stated  that  5  per  cent,  of  oleum  will 
do  the  work  of  10  per  cent,  of  66°B6.  sulphuric  acid  in  an  air 
agitator."  An  objection  to  its  use  is  that  fuming  sulphuric  acid 
forms  Bulphonated  products  which  are  left  dissolved  in  the  oil 
treated  therewith.     These  may,  however,  be  removed  by  agita- 

*  Principally  oxidizing  agenta,  as,  for  eyample,  "chloro-chromic  acid," 
nitric  acid,  chloride  of  lime  ("bleaching  powder"),  potassium  permanga- 
nate, and  chromateB.  The  use  of  chloride  of  lime  was  auggcated  in  J.  de 
VBdairage  au  Gaz,  1871,  No.  5;  for  a  recent  use  thereof  in  refining,  see 
GuiLLARn,  French  Patent  452167,  1812. 

'Vbith,  OeaJerr.  Chem.  Tech.  Ztg.,  18,  7. 
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tion  with  a  small  quantity  of  75  to  100  per  cent,  sulphuric  acid 
previous  to  the  alkali  treatment.^ 

John  C.  Black^  refines  Califomia  or  similar  petroleum  by  form- 
ing outside  the  oil  to  be  treated  a  mixture  of  sulphuric  anhydride 
and  a  diluent  gas,'  subjecting  the  petroleum  at  sludge-produc- 
ing temperatiu-e  and  in  the  form  of  kerosene  to  the  mixture, 
continuing  the  treatment  until  a  removal  of  the  smoky  or  sul- 
phurous hydrocarbons  is  effected,  and  separating  the  sludge  from 
the  refined  oil.  C.  J.  Robinson*  refines  Beaumont  or  similar 
petroleum  by  subjecting  the  smoky  burning  oil  fraction  to  the 
action  of  98  per  cent,  or  stronger  sulphuric  acid,  to  remove  the 
smoky  hydrocarbons  not  attacked  by  66®B6.  sulphuric  acid, 
and  incompletely  distilling  the  treated  fraction.  Petroff*  re- 
fines petroleum  and  recovers  the  sulpho-ac'ids  formed  by  treating 
the  oil  with  fimiing  sulphuric  acid,  allowing  the  mixture  to 
separate  into  two  layers,  washing  the  upper  layer  with  a  mixture 
of  alcohol  and  water  to  dissolve  the  sulpho-acids,  extracting  the 
lower  layer  with  gasoline  to  dissolve  the  sulpho-acids  in  it,  and 
washing  the  solution  thus  obtained  with  alcohol  and  water. 

Treatment  with  Lime. — ^Dorff*  claims  that  by  treatment  of 
crude  oil  with  lime  before  distillation,  the  acidity  of  the  dis- 
tillate is  25  to  45  per  cent,  lower  than  in  oil  not  so  treated. 
The  sulphur  and  unsaturated  hydrocarbons  are  also  greatly 
reduced.  By  agitation  with  finely  ground  lime,  Schulz^  claimed 
to  have  obtained  as  satisfactory  refining  as  by  the  usual  sulphuric 
acid  method.  He  reported  that  a  large  excess  of  lime  and  long 
agitation  were  necessary.  Kharitchkov,®  however,  recommended 
agitation  of  the  distillate  to  be  refined  with  milk  of  lime,  then 
air  blowing  until  cooUng  was  complete,  and  finally  treatment 
with  sulphuric  acid  and  sodiimi  hydroxide.     In  refining  mineral 

^  Z.  angew.  Chem.,  1897,  629. 

*  United  States  Patent  968640,  Aug.  30,  1910.  This  process  is  owned  by 
the  Standard  Oil  Company. 

*  Such  as  is  obtained  by  passing  the  gases  produced  by  burning  sulphur  in 
air  over  catalytic  material. 

*  United  States  Patent  968692,  Aug.  30,  1910. 

»  United  States  Patent  1087888,  Feb.  17,  1914.  On  the  employment  of 
fuming  sulphuric  acid  in  refining  petroleum  oils,  see  Boleo,  Chem,  Rev. 
Felt-  Harz-Ind.,  4,  263. 

«  Petrol.  Rev.,  1909,  187;  Petroleum,  4,  928. 
•    ^  Petroleum,  6,  86. 

•Naphia,  9,211. 
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oils,  de  Fazi^  distils  the  oil,  after  the  ordinary  treatment  with 
sulphuric  acid,  in  the  presence  of  slaked  lime,  and  then  passes 
the  vapors  through  a  mixture  of  lime  and  carbon,  either  in 
powder  form  or  in  blocks. 

Treatment  with  Sodium. — ^Deichler  and  Lesser*  have  claimed 
the  removal  of  the  sulphurous  and  other  impurities,  including 
aromatic  hydrocarbons  and  phenols,  from  petroleum  or  its  dis- 
tillates by  treatment  with  1  per  cent,  of  sodium.  Kharitchkov* 
considers  this  method  capable  of  economizing  caustic  soda  in 
refining,  but  states  that  treatment  with  sulphuric  acid  is  still 
necessary.  The  advantages  are  also  diminished  by  the  higher 
consumption  of  fuel  required  in  the  preliminary  heating  process. 

The  offensive  "cracked"  odor  of  cracked  gasoline  may  be 
effectively  eliminated  by  treatment  with  sodium.* 

Treatment  with  Aluminum  Hydroxide. — Gawalowski^  has 
found  that  the  fibrous  or  spongy  aluminimi  hydroxide  described 
by  Wislicenus'  is  a  very  effective  agent  for  the  purification  of 
petroleimi  and  benzine.  This  reagent  is  said  to  neutralize  any 
free  acid  and  to  exert  both  a  clarifying  and  deodorizing  action. 
The  oil  under  treatment  is  agitated  for  from  4  to  6  hr.  with  the 
required  amount  of  reagent  and  is  then  filter-pressed. 

Treatment  with  Various  Salts. — Schwarz^  states  that  the  use  of 
alkali  and  alkaline  earth  sulphates  with  sulphuric  acid,  in  the 
purification  of  petroleum  distillates,  results  in  a  less  energetic 
action  upon  the  oil,  permits  of  the  use  of  the  pitchy  residue  carried 
down  by  the  acid,  and  affords  greater  efficiency  in  the  recovery 
of  sulphuric  acid  used  in  the  process. 

Gaffart*  refines  petroleum,  and  especially  redistilled  oils,  by 
treatment  with  ferric  chloride,  strongly  acid  with  hydrochloric 
acid.     Wynne®  purifies  petroleum  oils  by  treating  them  with  a 

1  English  Patent  25496,  Nov.  15,  1911.  However,  as  early  as  1872, 
Tatro  employed  lime  instead  of  caustic  soda  in  refining  petroleum  (/.  de 
VEdairagc  au  Gaz,  1872,  No.  3). 

•German  Patent  160717,  Jan.  22,  1904. 

•  Westnik  shirow.  pro7ny8l.,  7,  61;  Chem.-Zig.  lieperL^  30,  205. 

•  See  p.  579. 

^Oesierr.  Chem,  Tech.  Ztg.,  26  (1908),  87. 
«  Z.  angew.  Chem.y  17  (1904),  801. 

^  Oesterr.  Chem.  Tech.  Ztg.y  21, 161.     This  process  is  claimed  in  Schwarz'b 
German  Patent  175453,  Mar.  12,  1904. 
»  French  Patent  350091,  Aug.  1,  1904. 

•  French  Patent  386651,  Jan.  29,  1908;  and  English  Patent  2314,  Jan. 
30,  1907. 
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mixture  of  borax,  alum,  and  sodium  chloride,  dissolved  in 
boiling  water,  with  the  addition  subsequently  of  sulphuric  acid, 
and  heating  to  23"  to  38''C.  and  passing  a  current  of  air  to  carry 
off  the  volatile  products.  Wohle^  treats  petroleum  oils  by  add- 
ing to  them  an  alkaline  solution  containing  salines  and  a  vege- 
table saponaceous  substance,  with  or  without  iodides  and  with 
or  without  sulphuric  acid.  These  last  three  patents  describe 
processes  which  are  of  little  value  on  most  distillates. 

Miscellaneous  Procedures. — In  the  process  of  Richter  and 
lUchter,'  hydrocarbons,  such  as  petroleum,  are  purified  by  mix- 
ing them  with  finely  divided  carbon  having  catalytic  properties, 
and  then  bringing  the  mixture  into  intimate  contact  with  oxj'gen, 
ozone,  or  gases  containing  oxygen.  It  is  claimed  that  im- 
purities, especially  those  due  to  the  presence  of  sulphur  and 
nitrogen,  are  oxidized  and  carried  away  in  the  form  of  gases. 
The  process  of  Knottenbelt'  consists  in  treating  petroleum 
oils  by  separating  by  distillation  fractions  suitable  after  chemical 
refining  as  substitutes  for  turpentine  and  for  ilhnninating  pur- 
poses, respectively.  This  treatment  consists,  in  the  case  of  the 
lighter  fraction,  in  acting  on  the  same  with  nitric  oxide,  and  in 
the  case  of  the  heavier  fraction  {after  any  tarry  substances 
have  been  separated  therefrom)  with  a  solution  of  ammonia 
carrying  litmus.  The  refining  value  of  such  substances  is  of 
little  value.  Melamid  and  Grotzinger*  have  claimed  a  method 
of  purifying  oils  by  means  of  phosphoric  acid  or  a  mixture  of 
this  acid  with  pyrophosphoric  and  phosphorous  acids:  a  mixture 
of  1,000  kg.  of  petroleum  with  100  kg.  of  phosphoric  acid,  or  with 
65  kg.  of  this  acid,  10  kg.  of  pyrophosphoric  acid,  and  2  kg.  of 
phosphorous  acid,  is  heated  to  3.50"  to  400^0.  and  the  "purified" 
oils  are  distilled  off.  Ellis"  treats  heavy  petroleum  oils  con- 
taining gum-forming  ingredients,  to  render  them  suitable  for  use 
as  lubricants,  by  exposing  them  in  thin  layers  to  ultraviolet  light 
of  great  intensity,  to  debloom  the  oil  and  polymerize  the  gum- 
forming  constituents. 

'  English  Patent  23348,  Oct.  12,  1809. 
'English  Patent  23407,  Oct-  10,  1910. 

'  EngUah  Patent  12001,  May  21,  1909.  On  this  process,  see  Pelrol  lUv., 
80,  69;  Petroleum,  6,  196. 

•  French  Patent  44a6r>0,  May  10,  1912;  addition,  Sept.  30,  1912. 
>  Umt«d  Stat«e  Patent  1080359,  Mar.  3,  1914. 


THE  DESULPHURIZATIOK  OF  MINERAL  OILS' 

It  is  a  well-known  fact  that  the  impurities  (.-ontained  in  crude 
petroleum  influence  the  price  to  a  remarkable  degree.  The 
best  illustration  of  this  is  the  case  of  Ohio  oil.  This  contains 
about  0.75  per  cent,  of  sulphur,  and,  prior  to  the  introduction  of 
the  Fraach  desulphurizing  process,'  was  sold  at  14  eta.  per 
barrel,  while  Pennsylvania  oil,  with  a  sulphur  content  of  only 
0.03  per  cent.,  sold  at  S2.25  at  the  same  time. 

One  of  the  petroleums  which  contains  an  objectionable  amount 
of  sulphur  is  that  found  near  Petrolia,  Ontario.  When  this 
crude  oil  was  discovered  in  1868,  it  was  refined  in  the  customary 
manner,  namely,  treated  with  sulphuric  acid  and  sodium  hy- 
droxide; but  the  odor  of  the  products  was  very  offensive,  indeed, 
80  much  so  that  it  has  l>een  said  that  cargoes  of  ships  carrying 
flour  and  bacon,  anchored  near  a  vessel  loaded  with  Canadian 
oil,  were  spoiled,  since  the  flour  and  bacon  absorbed  this  odor. 
Law  suits  based  upon  these  facts  were  decided  against  the 
shippers  of  Canadian  oil  and  all  exports  ceased.  In  order  to 
protect  the  home  industry,  the  Canadian  government  imposed 
a  duty  of  9  cts.  per  gallon  on  Pennsylvania  petroleum,  but, 
notwithstanding  this  prohibitive  duty,  one-half  the  oil  consumed 
in  Canada  was  imported  from  Pennsylvania, 

It  was  only  to  be  expected,  therefore,  that  the  Canadian 
government  as  well  as  the  producers  and  refiners  of  petroleum  in 
Canada,  exerf-ed  every  effort  to  discover  a  method  by  which  the 
objectionable  properties  of  Ontario  petroleum  could  be  elimi- 
nated.    Practically  notliing  was  accomplished  for  20  years,  but 

>  On  the  sulphur  content  of  petroleums,  see  ENaiLBii,  Ckem.-Zlg.,  SO  (IS96), 
197;  on  the  sulphur  compounds  in  petroleum,  see  Kast  and  Laqai,  Dingler's 
polyt.  J.,  284  (1892),  69;  on  sulphur  in  petroleum,  see  Lobmann,  Chem.-Ztg., 
S5  (1911),  1119;  for  a  consideration  of  the  sulphur  compounds  in  Canadian 
petroleum,  consult  Mabehy  and  QnAYLB,  J.  Sue.  Chem.  Itid.,  19  (1900), 
COS,  and  Proe.  Am.  Acad.,  41  (1905),  87;  and  on  the  sulphur  compounds  in 
Ohio  petroleum,  see  Mabery  and  Smith,  Am.  Chem.  J.,  13  (1891),  233,  and 
U  (1894),  83.  Mabery  and  Shitb  have  also  discussed  the  sulphur  com- 
pounds in  crude  petroleum  and  its  produrts  in  Ber.,  32  (1889),  3303.  On 
sulphur  compounds  in  "cracked"  gasoline,  see  p.  579. 

*  The  account  of  the  Fraach  process  which  is  presented  above,  has  been 
largely  taken  from  an  address  by  Herman  Frasch,  published  in  J.  Iiid.  Ekq. 
Chem.,  4  (1812),  134.  This  process  has  also  been  described  by  Lcngb  in 
Z.  angew.  Chem.,  7  (1894),  69;  and  by  Riche  and  Bodmf  in  Ann.  Mines, 
(0),  E  (1894),  95. 


610        '      THE  AMERICAN  PETROLEUM  INDUSTRY 

in  1885  the  late  Herman  Frasch  bought  a  refinery  in  Canada  and 
began  a  thorough  investigation  of  the  character  of  this  crude 
petroleum.  Frasch  foimd  that  the  penetrating  odor,  referred 
to  by  Canadians  as  "skunk,"  was  produced  by  the  presence  of  a 
peculiar  hydrocarbonnsulphur  compound;  and  that  when  the 
sulphur  was  eliminated  completely  from  the  oil,  the  latter 
fiu'nished  an  illuminant  equal  in  quality  to  the  best  Pennsylvania 
kerosene.  He  foimd  that  the  removal  of  elementary  sulphur  or 
hydrogen  sulphide  from  petroleiun  presented  comparatively  little 
difficulty;  but  that  the  sulphur  compound  which  was  the  cause 
of  this  offensive  odor,  was  very  stable  and  could  not  readily  be 
broken  up  into  any  simpler  sulphur  compound  which  could  be 
eliminated.  It  was  finally  learned,  however,  that  this  sulphur 
compound  possesses  the  property  of  dissolving  a  number  of 
metallic  oxides;  that  when  the  oil  is  saturated  with  all  the  oxide 
it  can  carry  in  solution,  the  disagreeable  odor  disappears;  and 
that  this  solution  of  metal  in  petroleum  has  an  intense  affinity 
for  sulphur.  Frasch  finally  selected  copper  as  the  most  suitable 
metal.  A  1200-bbl.  still  was  erected  for  the  purpose  of  con- 
ducting the  process  on  a  large  scale,  and,  in  this  manner,  Frasch 
produced  a  burning  oil  containing  0.02  per  cent,  of  sulphur. 

About  this  time,  petroleum  almost  identical  with  the  Canadian 
product  was  discovered  in  Ohio,  and  while  the  question  of  refining 
Canadian  oil  was  interesting,  the  problem  became  intensely  im- 
portant when  30,000  bbl.  per  day  were  being  produced  in  Ohio. 
The  new  field  proved  to  be  very  extensive,  and  the  Standard  Oil 
Company  bought  property  near  Lima,  Ohio,  upon  which  they 
erected  a  large  refinery.  This  company  disregarded  the  great 
difference  in  the  sulphur  content  of  the  petroleums  of  Pennsyl- 
vania and  Ohio,  and  decided  to  refine  the  latter  in  the  usual 
manner;  but  when  the  refined  product  had  been  distributed 
among  their  customers,  it  was  all  returned  as  unfit  for  use.  Every 
effort  was  made  to  solve  this  problem,  but  in  1887,  after  two  years 
of  experimentation,  it  was  decided  that  illuminating  oil  could  not 
be  made  from  Lima  petroleum  and  that  this  was  fit  only  for 
fuel.  Accordingly,  a  pipe  line  for  this  purpose  was  built  to 
Chicago  and  long  term  contracts  were  made  at  14  cts.  per  barrel. 

At  this  time,  patents  had  been  granted  to  Frasch,  who  was 
selling  refined  Canadian  oil  with  a  guarantee  that  it  would  burn 
equal  to  the  best  Pennsylvania  product.  After  an  investigation, 
the  Standard  Oil  Company  purchased  the  patents  and  refinery 
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of  Frasch,  located  at  London,  Ontario,  and  also  proccedod  t4> 
c<Mistract  larg^  works  for  canying  out  Fra$ch*s  inventions  a^ 
Lima,  Qevdand,  Whiting,  01ean«  Philadelphia  and  Bi^yonno. 
Subsequently,  the  Ohio  fidd  was  found  to  extend  into  Indiana 
and  the  production  increased  to  90«000  bbl.  per  day;  the  price  of 
titiis  crude  oil  went  up  to  neariy  $1.00  per  barrel,  fluctuating  l>o- 
tween  60  cts.  and  $1.00  for  a  number  of  years. 

The  Frasch  Method. — Li  desulphurizing  petroleum  acoor^iing 
to  the  process  of  Herman  Frasch,^  the  cupric  oxide  is  mixeil  mth 
the  petroleum  distillate  in  a  still  equipped  with  flyshaf t  and  arma 
radiating  therefrom,  to  maintain  the  oxide  in  suspentiuou  during 
the  process  of  distillation;  flexible  chains  are  also  attaohoil  to  the 
arms  to  prev^it  the  o:^de  from  adhering  to  the  bottom  of  tho 
still.  5,000  lb.  of  cupric  oxide  are  used  with  tho  first  charge  of 
1,000  bbl.  of  distillate.  After  80  per  cent,  has  boon  distilled  off, 
a  new  charge  of  distillate  is  added  with  an  additiontil  chargt>  of 
5,500  lb.  of  oxide;  this  is  followed  by  throe  further  nma  with 
6,500,  5,500  and  7,500  lb.  of  oxide,  respectively,  so  that  20,0(K) 
lb.  of  cupric  oxide  are  used  for  5,000  bbl.  of  distillate.  Tho 
residuiim  is  pumped  through  a  filter  press,  and  the  solid  prod- 
uct of  the  filter  press  is  burned  free  from  oil.  The  dry  mixturt) 
of  oxide  and  sulphide  of  copper  is  then  put  into  a  roastang  fur- 
nace, where  it  is  desulphurized  to  1  per  cent,  or  loss. 

A  variation  of  the  Frasch  method  treats  tho  oil  vapor  coming 
from  a  stUl  charged  with  crude  petroleum,  and  coiisiHtrt  iik*  piiMHing 
the  vapor  through  two  brushes  made  of  No.  10  stool  wire,  tho 
brushes  being  53^  ft.  in  diameter  and  16  ft.  long.  Tlu^y  are  in- 
serted into  a  shell  which  is  almost  the  same  diamotor  an  tho  bruHh, 
and  the  requisite  amoimts  of  cupric  oxide  and  heavy  oil  are 
pimiped  into  two  shells,  each  containing  one  brush.  The  vapor 
passes  in  series,  first  around  the  shell  to  prevent  condouHation ; 
then  through  the  shell  on  to  the  condonsor.  The  bruHluw  are 
made  to  revolve  at  about  6  revolutions  per  miimie.  ThoHcj  wiren 
immersing  continually  in  the  oxide  of  copper  mixture,  tho  nhMn 
containing  the  brushes  are  surrounded  l)y  the  vai)or  (soming 
from  the  still;  and  as  the  temperatures  of  the  vapors  incream), 
anything  condensed  thereon  during  the  prior  p<jriod  is  ro-evajHir- 
ated  by  the  hotter  vapor  following.     In  this  way  the  whole  ,of 

^  According  to  Riche  and  Roume  (loc.  cU.)f  thin  procom  in  nifnilar  in 
principle  to  that  adopted  in  France  for  deHulphurizing  i^lyccriri  in  Ui« 
soap  manufactories  at  Marseilles. 
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the  volatile  constitutents  of  the  oil  are  subjected  to  the  de- 
sulphurizlEg  treatment. 

Both  of  these  processes  are  now  in  operation  in  this  country. 

Other  Desu^hurizing  Processes.^ — Frasch^  has  also  proposed 
distilling  the  oil  over  lead  oxide,  then  refining  with  sulphuric 
acid;  Kennedy'  has  claimed  a  process  wherein  the  oU  is  treated 
with  a  solution  of  copper  sulphate,  sodium  hydroxide  and  sodium 
chloride,  this  being  followed  by  digestion  with  sulphur;  Pitt 
and  Van  Beck*  have  proposed  passing  the  oil  vapors  from  the 
still  over  heated  iron  or  copper;  Gordon*  distilled  the  oil  over  lead 
oxide  and  washed  the  distillate  with  magnesium  sulphate,  the 
purification  being  completed  by  the  usual  treatment  with  acid 
and  alkali;  Friedel  and  Crafts'  suggested  that  the  sulphur  be 
removed  by  treatment  with  aluminum  chloride;  and  dilute  nitric 
acid  has  been  used  in  the  place  of  sulphuric  acid  for  treating 
Canadian  oils.^ 

In  the  process  of  Adiassewich,*  mineral  oils  are  heated  under 
pressure  successively  with  dilute  sulphuric  acid,  caustic  goda,  and 
aluminum  chloride.  For  example,  the  burning  oil  obtained  by 
the  distillation  of  shale  oil  is  heated,  with  about  0.75  per  cent,  of 
its  weight  of  60  per  cent,  sulphuric  acid,  to  40°-50°C.,  under  a 
pressure  of  15  to  20  lb.  per  square  inch,  for  about  half  an  hour, 
the  whole  being  agitated  during  the  process.  The  oil  is  separated, 
washed,  and  treated  with  about  0.3  per  cent,  of  its  weight  of 
caustic-soda  liquor  (specific  gravity,  about  1.32)  at  a  temperature 
near  the  boiling  point  of  the  oU,  the  pressure  being  maintained 
at  25  to  30  lb.  per  square  inch.  This  treatment  is  continued  until 
the  mixture  is  completely  emulsified.  The  oil  is  then  washed, 
dried,  and  heated  with  about  2  per  cent,  of  aluminum  chloride 
to  about  150°C.  under  a  reflux  condenser.  The  pressure  is 
then  raised  to  10-12  lb.  per  square  inch  and  maintained  for  about 
3  hr.,  when  the  oil  is  separated,  washed  with  water  containing 
a  little  lime,  and  finally  distilled.     The  temperatures  and  pres- 

^These  processes  are  included  to  show  the  trend  of  chemical  investigation; 
most  of  them  are  probably  of  no  commercial  value. 
«  United  States  Patent  378246,  1888. 
»  German  Patent  43145. 
«  German  Patent  45958. 
'United  States  Patent  451724,  1891. 

•  CompL  rend,,  84  (1878),  1392. 

'TuMSKi's  "Technology  of  Naphtha,"  Moscow,  1891  (Russian). 

•  English  Patent  4431,  1903. 
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Burea  used  iu  general  vary  with  the  boiliug  point  of  the  oil  to  be 
treated. 

The  Macalpine  process  of  refining,  which  has  been  recommended 
as  a  desirable  substitute  for  the  acid  and  alkali  treatment,  con- 
sists in  first  subjecting  the  crude  oil  to  a  "aalining"  operation, 
whereby  it  is  brought  into  intimate  contact  with  a  sahne  solu- 
tion, preferably  of  a  mixture  of  sodium  carbonate  and  chloride; 
adding  to  the  separated  oil  from  }4  to  IJ^  per  cent,  of  a  man- 
ganese compound  produced  by  the  decomposition  of  acetylene 
by  means  of  permanganates  of  the  alkahes;  and  then  effecting  the 
fractional  distillation  of  the  oil  under  a  vacuum  of  about  700 
mm,,  with  the  introduction  of  steam  during  the  later  stages.  It 
is  claimed  that  by  this  process  a  larger  yield  of  products  of  im- 
proved quality  is  obtained.  Engler,  as  the  result  of  an  experi- 
mental investigation,  supports  the  statement  of  the  inventor  that 
by  the  combined  efTect  of  the  "salining"  and  of  the  oxidizing 
action  of  the  manganese  compound,  resinous  and  asphalt-like 
-constitutenta,  petrol eiun-ac ids,  and  sulphur  are  eliminated, 
illuminating  and  lubricating  oils  being  thus  obtained  which 
compare  favorably  in  pmity  with  those  yielded  by  the  ordinary 
system  of  refining.  Dupr^  and  Redwood  found  that  in  the  treat- 
ment of  a  Texas  crude  petroleum  by  the  Macalpine  process  the 
percentage  of  sulphur  was  reduced  from  1.35  to  0.5  per  cent.' 

Hellsing*  deodorizes  and  desulphurates  mineral  oils  by  treat- 
ment with  one  or  more  solutions  of  salts  of  heavy  metals,  if 
desired,  in  the  presence  of  ammonium  chloride  and  alkalies; 
Robinson^  desulphurizes  Lima  oil  by  treating  a  distillate  lighter 
than  0-865  specific  gravity  with  sulphuric  acid  stronger  than 
fiO^B^.  at  an  initial  temperature  below  14",  not  more  than  60  lb. 
of  acid  to  the  barrel  being  used;  Walker*  desulphurizes  petroleum 
distillates  by  passing  them  in  a  state  of  vapor  over  anhydrous 
copper  chloride  and  then  tlirough  an  alkaUno  lead  solution,  as 
sodium  plumbate;  and  Sherman*  causes  the  vapor  to  pass  through 
a  deep  layer  of  granular  filling,  chemically  inert  thereto  and  offer- 
ing such  resistance  to  the  passage  of  the  vapor  as  to  rabe  the 

'  Redwood's  "A  Treatise  on  Petroleum,"  3rd.  ed.,  3,  30. 

'  English  Patent  9180,  Apr.  19,  1B07;  French  Patent  377107,  Apr.  26, 
1907. 

*  United  States  Patent  910584,  Jan.  2IJ,  1909.  This  is  owned  by  the 
Stanilard  Oil  Company. 

*  United  States  Patent  655372,  Apr.  19,  1910. 

*  United  SUt«8  Patent  dSSOSS,  Aug.  23,  1010. 
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vapor  pressure  within  the  still  and  the  temperature  of  the  issuing 
vapor  above  that  due  to  the  normal  boiling  point  of  the  oil  and 
sufficient  to  eliminate  grease  and  sulphur  and  cause  the  deposi- 
tion of  carbon  on  the  inert  filling.  The  process  of  John  C. 
Black^  has  been  referred  to.* 

Finally  it  may  be  mentioned  that  a  Wyoming  clay  containing 
a  considerable  amoimt  of  magnesimn,'  has  been  employed  in  the 
purification  of  petroleum  containing  a  high  percentage  of  sulphur.* 
The  oil,  preferably  a  distillate,  is  treated  first  with  a  solution  of 
lead  acetate,  to  remove  as  much  of  the  sulphur  as  possible.  One 
pound  of  the  Wyoming  clay  is  then  added  to  every  50  gal.  of  the 
treated  oil;  after  settling,  the  oil  is  decanted,  treated  with  con- 
centrated sulphuric  acid,  and  clay  is  again  added.  After  these 
treatments,  the  oil  is  agitated  with  an  alkaline  solution  until 
it  shows  no  blue  coloration  with  a  solution  of  sodium  plumbate 

THE  DBCOLORIZATION  OF  PETROLEUM  DISTILLATES' 

By  far  the  greater  part  of  the  fullers'  earth  produced  in  the 
United  States  is  employed  in  clarifying  mineral  oils.®  It  is 
mined  for  this  purpose  at  Ellenton,  Quincy  and  Midway,  Fla.; 
at  Bakersfield  and  Vacaville,  Cal.;  and  in  Alabama  and  Georgia. 

A  common  practice  in  decolorizing  petroleum  products  is  to 
dry  the  earth  carefully,  after  which  it  is  ground  to  suitable  sizes 
and  run  into  vertical  cyUnders,  usually  about  12  ft.  in  length, 
through  which  the  oils  are  allowed  to  percolate  slowly  until  the 
color  reaches  a  certain  maximum  shade  (see  Fig.  203).^ 

A  procedure  which  has  been  used  with  success  is  along  the 
following  lines: 

Dehydration  of  the  earth  is  necessary.     This  operation  is  con- 

^  United  States  Patent  968640,  Aug.  30,  1910.  This  patent  is  owned  by 
the  Standard  Oil  Company. 

*  See  p.  606. 

*The  composition  has  been  given  as  follows:  Silica,  63.25;  aluminum, 
12.62;  ferric  oxide,  3.75;  magnesium,  3.98;  potassium  and  sodium,  8.16; 
sulphur,  1.58;  and  water,  6.71  per  cent. 

*  Chem.  Tech,  Ztg,,  30,  125. 

•  On  the  employment  of  bone-black  in  decolorizing  paraffin,  see  p.  767. 
On  the  use  of  ashes  of  rice  hulls  in  decolorizing  oils,  see  Lasher,  United 
States  Patent  1075481,  Oct.  14,  1913. 

•  See  Parsons,  Bureau  of  Mines  Bull.  71  (1913). 

^  On  the  advantages  of  and  objections  to  this  filtration  method,  see  J. 
Soc.  Chem,  Ind,^  23,  755. 
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diicted  in  a  cylindrical,  internally  fired'  rotating  dryer,  from 
which  air  is  excluded  as  far  as  possible,  the  powder  being  heated 
with  continual  agitation  at  300°  to  SWC,  until  it  assumes  a 
grayish  blue  shade.  This  eliminates  both  the  absorbed  water 
and  the  chemically  combined  water  of  hydration.  For  many 
purposes  it  is  sufficient  to  expel  absorbed  water  by  beating  the 
powder  at  120''C.,  though  the  product  is  said  to  be  a  much  less 
effective  bleaching  agent,  than  that  roiisted  at  the  higher  tem- 


Fia.  204.— An  oil  filter,  6  Tt.  by  8  tl. 

perature.  Preliminary  experinienta  should  be  made  with  the 
oils  to  be  bleached,  in  order  to  determine  the  most  suitable 
temperature  in  each  case.  Thus,  light  mineral  oils,  such  aa 
kerosenes  and  vaseline  oil,  are  completely  decolorized  at  12"- 
IT'C.  In  the  case  of  the  heaviest  mineral  oils,  such  as  cylinder 
oil,  bleaching  can  only  be  effected  at  higher  temperatures. 
The  amount  of  earth  required  also  varies  with  the  different  oila, 
'  Oil  or  gas  is  iiBt>d  as  tlie  fuel. 


1 


SPECIAL  REFIXERT  TECHXOUIGY  617 

requniiig  3  to  5  per  cent.,  others  7  to  10  per  cent.,  while 
others  agaia  need  as  much  as  15  to  20  per  cent,  or  more.  Hani 
paraffin,  after  preliminary  treatment  with  sulphuric  acid«  otc«, 
is  comfdetely  bleached  by  means  of  only  l^-^  to  2  per  cent,  of 
earth.  Finally,  the  petroleum  product,  brought  to  the  right  torn- 
perature,  is  mechanicaUy  mixed  for  about  20  min.  with  the 
requisite  proportion  of  earth,  and  then  pressed  in  a  filter  pro^^ 
The  earth  left  in  this  process  contains  about  SO  per  cent,  vd  its 
weight  of  oO.  The  residual  earth  can  be  regenerated  by  heating 
it  to  400°-o00°C.,  and  the  dark  gray  to  black  product  thus 
obtained  can  be  used  again  for  bleaching  purposes,  preferably 
after  the  addition  of  15  to  20  per  cent,  of  fresh  earth.^  It  should 
be  borne  in  mind  that  certain  samples  of  fullers*  earth  show 
liability  to  spontaneous  combustion  when  soaked  with  oil,  and 
accordingly  great  care  must  be  exercised  when  operating  with 
these. 

Guiselin  and  Haudricourt^  state  that  argillous  earth  must  l>o 
perfectly  dried  to  bring  out  its  highest  decolorizing  proi>ertios; 
that  damp  earth  will  absorb  oil  without  affecting  it  in  any  way; 
and  that  the  earth  should  be  granular  if  the  filtration  is  to  1h> 
through  it,  but  that  if  it  is  to  be  agitated  with  the  oil,  it  shoulil 
be  powdered.  Grafe,'  who  experimented  with  fullers'  earth 
from  Fraustadt  in  Silesia,  found  that  this  earth  gave  nion> 
satisfactory  results  after  being  dried  and  that  it  acted  Inv^t 
after  it  had  been  heated  to  400*^C.,  when  the  water  of  constitution 
was  expelled.  Wesson*  has  reported  that  if  the  water  of  con- 
stitution is  driven  off  completely,  the  fullers'  earth  boconies  usi*- 
less  for  bleaching  vegetable  oils,  though  perhaps  not  for  mineral 
oils.  Parsons  states*  that  water  of  composition  is  not  an  ossent  ial 
factor  in  the  bleaching  properties  of  all  fullefs'  ciirths,  for  some 
bleach  fully  as  well  after  it  has  been  driven  off  !W  before  and 
others  lose  much  of  their  bleaching  power  when  this  water  is 
removed. 

*  In  order  to  prepare  it  for  decolorizing  mineral  oils,  M.  J.  Wkusii  (Unitcul 
States  Patent  1159450,  November  9,  1916)  treats  raw  fullers'  earth  with  hot 
hydrochloric  acid,  to  dissolve  alkaline  earth  compounds  and  other  impurititNi 
tending  to  fuse  or  sinter  during  calcining,  and  then  washes  and  calcines  the 
product. 

*  Petrol.  Rev.,  27,  151. 
*Pelroleum,  3  (1907)  292. 

*  Min.  Eng.  World,  37,  667. 

»  Bureau  of  Mines  Bull.  71,  6, 
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Grafe^  regards  the  decolorizatios  of  petroleum  products  by 
fullers'  earth  as  a  physical  and  not  a  chemical  process,  and 
Wesson^  has  observed  that  the  bleaching  property  seems  to 
depend  upon  the  physical  condition  of  the  earth  and  is  closely 
allied  to  the  proper  amount  of. hydration  of  the  complex  silicate; 
but  Lob*  has  objected  to  the  view  that  the  bleaching  of  oils  by 
silicates  is  a  mechanical  phenomenon  and  considers  it  a  chemical 
reaction,  due  to  the  supposed  presence  of  some  substance  in  the 
silicates  which  combines  with  the  coloring  matter  of  the  oils  and 
thereby  renders  it  insoluble/     Of*  interest  in  this  conrjection  is 


'Petroleum,  3  (1907),  292.  A  eimilar  view  is  held  by  Goihelin  and 
HATTDtticocRT,  Mai.  gnaaet,  6,  2815,  2845,  2882. 

»  Min.  Ens.  World,  37,  667. 

•  Chem.  Rev.  Felt-  Har^Ind.,  IB,  80. 

'Los  cit«s  experimente  which  eeem  to  support  thia  view.  He  reports  a 
Beriee  of  comparative  bleach  tests  which  he  carried  out  with  scale  paraffin, 
using  5  per  cent,  of  bleaching  agent  and  heating  the  paraffin  with  Biinie  for 
15  min.  to  11I>-50°C.  The  results  are  givenin  the  order  of  their  superiority: 
(1)  Bavarian  fullers'  earth,  not  ignited;  (2)  prussiate  of  potash  residues; 
(3)  Florida  fullers'  earth,  not  ignited;  (4)  Florida  fullers'  earth,  ignited; 
(5)  Bavarian  fullers'  earth,  ignited;  (6)  Silesian  fullers'  earth,  not  ignited; 
(7)  Silesian  fullers'  earth,  ignited.  The  united  filtrates  of  these  testa 
were  treated  a  second  time  with  the  same  results,  except  that  the  prussi- 
ate of  potash  residues  take  fourth  place  instead  of  second  place. 


SFBCTAt  SXFTKXMT  TSCBXOJOGT 

the  apaaoa  of  I^vlcr,*  tint  tbe  ebi^ring  «ictioD  of  fullers'  ivxth 
is  dne  diietf)''  to  the  {veseDoe  oC  ooHotdkl  salkm.  In  onl«r  to  <sc- 
plata  the  pfaenamHks  ofaeored  br  diffuaag  Cnhficwnu  pelroloum 
tiuoo^  fafiers*  eaith,  GOpin  utd  Schnecbeiggr*  ncitnl  pt'trolmtm 
as  «n  esudsaid  mud  fuBrrs*  eulh  ss  a  dulynng  srptant.  pcnuitting 
the  free  pannage  of  the  paraffin  oils  and  causini;  ihe  adsorpltoa 
and  T'**"""  *^  t^  Htumens,  And  csmnng  \ritli  it  tho  sutpliur 
and  tutrafien  cotnpouiKls  &Qd  the  Itesaene  and  olHine  hydnv 
caiboDS.  Gurwiurh'  nuInUiins  th»t.  during  tho  df^Jorisalkm 
process,  Florida  earth  effects  a  poK-nicriEatiou  of  tho  unsaturatrtl 
compoundB  of  the  oil  tr\'aiod. 


-.^fc- 

.  J"'-           __    ;^:. 

Fin.  206.— Rotary  clay  burner,  6  ft.  by  60  fl.,  uwhI  in  Liiriiinn  Mi.rulu 
eartli  in  paraffin  wax  planU.  A  rotary  coobr  u  iocfttod  uiKlornfotli  tho 
Door. 

Mineral  oils  may  also  be  decoloriKod  I>y  filtrntioti  tlirnuKh 
finely-ground,  ignited  batixite;*  l>y  agitiition  with  urimmi  I'lil- 

i  B-uU.  316,  U.  S.  Geal.  Survey.  IW7,  208. 

» Am.  Cksm.  J.,  60,  59. 

*  J.  Rit»».  Fhyt.-Chem.  Sue.,  47  (1915),  S27.  OtrnwiTHCii  ttatea  thftt  whun 
Florida  earth  which  has  been  U9«l  for  deutJoruiim  lu-troleum  oila  li  nxlractwl 
with  ethyl  ether,  the  latter  dJHtillod  olT  and  tlio  rnaiiluo  mixad  with  tbo  Drij(i- 
nal  oil,  the  product  has  a  much  darker  color  thiiii  it  pQ«aeued  bofora  tli* 
treatment  with  the  earth.  Gcrwitecu  asoribuH  this  Lo  polymorliatioD  by 
the  earth  of  the  uosaturated  compoundu  of  the  oil. 

<  GAiniBit,  ChimUte,  2,  99;  ace  also  noto  in  J.  Ind.  Sng.  Chtm.,  T  (1916)j 
353. 


careous  sandstone;'  and  by  passing  them  in  admixture  with 
hydrogen  over  powdered  nickel  or  other  metal,  heated  to  100 
to  SSO^C,  the  hydrocarbone  having  previously  been  conducted 
through  a  column  of  copper  heated  to  above  SSO^C  Ulibelohde 
and  St.  Philappide*  have  investigated  the  effect  of  fullers'  earth, 
unburned  kaolin,  ignited  alumina,  and  nickel  upon  pctroleiun 
at  temperatures  varying  from  200°  to  450°C.;  they  found  that 
the  evo-ution  of  gas  increased  with  the  rise  in  temperature,  and 
that  the  decomposition  temperature  with  nickel  was  300°C., 
with  kaolin  250''C.,  and  with  fullers'  earth  200°C. 


In  1865,  Gesner  stated*  that  "organic  substances  are  oxidated 
by  the  atmosphere,  and  its  action  promoted  by  a  high  tem- 
perature. Hoi  air  has  therefore  been  forced  through  hydrocarbon 
oU  during  the  process  of  -purification,  and,  in  some  instances,  with 
advantage."  However,  Jenney*  was  the  first  to  report  on  the 
formation  of  solid  oxidized  hydrocarbons  resembUng  natural 
asphalts  by  the  action  of  air  on  petroleum. 

Id  conducting  a  series  of  experiments  on  the  oxidation  of 
petroleum  by  heating  it  to  a  temperature  slightly  below  its 
boiling  point,  and  passiiig  a  current  of  oxygen  slowly  through  it, 
the  action  being  sometimes  assisted  by  the  addition  of  litharge 
or  potassium  permanganate,  Jenney  noticed  that  a  solid  deposit 
formed.  It  would  appear  from  his  work  that  the  more  volatile 
hydrocarbons  were  distilled  away  and  that  oxidation  and  dis- 
tillation proceeded  simultaneously.  In  the  first  experiment 
conducted  by  Jenney,  air  was  rapidly  aspirated  through  a  crude 
Pennsylvania  petroleum.  The  temperature  was  kept  at  from 
140"  to  145''C.  However,  the  experiment  was  not  continued 
long  enough  to  produce  oxidized  solid  hydrocarbons.  In  the 
second  experiment  reported  by  Jenney,  a  petroleum  distillate 
of  41°BS.  was  used.     This  was  maintained  at  about  llCC.  for 

•  Tatmih,  English  Putent,  20,409,  Sept.  1,  1910. 

'  Hallbr,  Sabatier  and  Sbndebenb,  Freach  Patent  376490,  June  14, 
1906. 

'Petroleum,  7,  1233. 

*"A  Practical  Treatiae  on  Coal,  Petroleum  and  Other  Diatilled  Oile," 
2nd.  ed.,  1866,  128. 

'  ,1m.  Chemist,  6  (1875),  359, 
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2  days  and  a  rapid  current  of  air  was  passed  through  it.  The 
oil  was  but  ahghtly  affected.  However,  on  increasing  the  tem- 
perature to  140°C.  and  adding  sraall  quantities  of  hthargo  to 
increase  the  action  of  the  air,  and  continuing  3  days  longer,  an 
asphaltic  product  was  obtained.  In  the  third  experiment  a 
lubricating  oil  of  28°B^.  was  taken.  This  was  subjected  to  a 
temperature  of  140°  to  155''C.,  and  to  the  action  of  htharge  and 
air  for  4  days.  The  product  obtained  resembled  grahamite. 
Jenney  stated  that  with  oxygen  at  270°C.,  "hydrogen  was  re- 
moved from  the  oil  in  the  form  of  water  by  the  action  of  the 
air." 

Jenney  obtained  patents^  for  the  preparation  of  a  substance 
similar  to  reain  from  the  "sludge  oil"  of  petroleum  refining. 
According  to  his  claims,  the  sulphuric  acid  which  has  been  used 
for  refining  petroleum  or  shale  oil,  is  mixed  with  an  equal  volume 
of  water,  when  two  layers  form;  the  upper  consists  of  a  thick 
oil  of  objectionable  odor,  the  lower  of  dilute  sulphuric  acid. 
The  oil  is  repeatedly  washed  with  boiling  water,  finally  with  the 
addition  of  a  little  soda,  and  is  then  distilled.  After  the  oil 
distilling  below  250°C.  has  come  over,  a  current  of  air  ia  blown 
by  means  of  a  suitable  arrangement  for  48  hr.  through  the 
residual  oil,  the  operation  being  conducted  in  the  retort  used  for 
the  distillation.  Diu-ing  this  process  the  oxygen  of  the  air  ia 
said  to  be  absorbed  by  the  oil,  which,  on  cooling,  solidifies 
to  a  deep  brown  mass  similar  to  resin. 

Mullerus  reported^  in  1892  that  he  had  heated  mineral  oil 
to  120''-150''C.  and  passed  air  through  it.  After  a  short  time, 
emulsification  with  sodium  hydroxide  could  be  effected.  Baku 
petroleum  "wurde  durch  Einleiten  von  luft  dunkelbraun,  trilb 
und  merklich  consistenter;  das  dunkelbraun  und  trubwerden 
rOhrt  ho  chat  wahracheinlich  von  der  BiMung  asphaUartiger 
Substamen  her,  Wird  das  oxydirte  Oel  mit  Natronlauge  gekocht, 
so  scheiden  aich  asphaltartige  schwarze  Flocken  aus,  ein  Beweis, 
dass  aick  durch  die  Oxydation  ■pechartige  Producle  gebildel  haben." 
No  formation  of  asphaltic  substance  was  observed  by  Mullerus 
upon  treatment  of  Pecheibronn  oil. 

As  the  result  of  an  investigation  on  the  "  Influence  of  Sunlight 
and   Air   on   Petroleum  Products;  Capacity  of  Petroleum  for 

'  German  Patent  3577;  Dingler'a  polyt.  /.,  232  (1879),  285;  United  States 
Patent  178061  of  May  30,  1876. 
'Ckem.-Ztg.,  1892,  No.  76,  1396. 
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AbsorbiDg  Atmospheric  Constituents,"  R.  A.  Ostrejko'  stated 
that  on  exposure  to  sunlight  and  air,  ordinary  Baku  petroleum 
of  medium  quality  deposited  a  yellow  sediment  and  became 
strongly  acid,  giving  off  at  the  same  time  a  penetrating  odor. 
Part  of  the  deposit  was  soluble  in  distilled  water,  a  dark  tarry 
substance  being  obtained  on  evaporation,  and  the  remainder 
was  dissolved  by  ethyl  alcohol  and  concentrated  sulphuric  acid. 
Several  samples  of  oil  exposed  in  clear  glass  bottles  to  air  and 
sunlight  became  opalescent  in  9  hr.,  and  subsequently  turbid, 
with  formation  of  sediment;  whereas  when  kept  under  the  same 
conditions  in  green  bottles,  the  oils  became  appreciably  lighter 
in  color.  Further  tests  revealed  the  fact  that  in  vessels  of  clear 
and  blue  glass,  with  admission  of  air,  the  oil  darkened  consider- 
ably on  exposure  to  light ;  while  in  orange-yellow  and  green  bottles 
the  color  became  lighter  in  48  br.;  and  in  the  case  of  clear  glass, 
with  exclusion  of  air,  scarcely  any  change  occurred.  The  per- 
centage of  acidity  increased  some  fivefold  in  3  days  in  the  blue 
and  clear  glass  vessels,  but  remained  practically  unaltered  in  the 
others.  Several  distillates  refined  in  different  ways  all  showed 
that  the  amount  of  acidity  resulting  on  exposure  increased 
concurrently  with  the  deepening  of  the  color. 

According  to  Ostrejko,  the  effect  of  light  in  facilitating  the  ab- 
sorption of  air  by  the  oil  is  very  marked,  a  sample  in  a  tube,  into 
which  a  single  bubble  of  air  was  admitted,  absorbing  it  completely ; 
whereas  in  a  second  sample,  similarly  treated,  but  kept  in  the 
dark,  no  absorption  occurred,  the  air  bubble,  on  the  contrary, 
appearing  to  have  increased  in  size.' 

The  experience  of  Ostrejko'  with  regard  to  the  acid  process  in 

'  Triidi  bak.  otd.  imp.  nuak.  Uchn.  obschUeh.,  1896,  10,  (2),  21. 

»  For  the  purpose  ot  determining  whether  the  degree  of  refining  influenced 
the  absorptive  capacity  of  the  oil  toward  air,  a  number  of  veHs«l8  were 
filled  with  ordinary  oil,  and  others  with  oi!  that  had  been  exposed  for  some 
time  to  light  and  undergone  a  subaequeat  refining  with  excess  of  scid  and 
alkali.  To  the  vessels  were  affixed  eudiometer  tubes  containing  5  c.c.  of 
ftir,  and  the  whole  was  exposed  tor  34  days,  under  various  conditions.  The 
alterations  in  the  volume  of  air  were  noted  daily,  with  the  followiag  results : 
Ordinary  distillate  under  the  influence  of  light  took  up  all  the  air  in  10  days; 
distillate  refined  with  excess  of  soda  required  11  days;  ordinary  petroleum, 
12  days;  oil  refined  with  excess  of  acid  and  alkali,  34  days.  The  oil  treated 
mth  excess  of  acid  only,  absorbed  but  two-thirds  of  the  volume  of  air  during 
the  fuU  period,  and  the  sample  previously  exposed  to  light  and  afterward 
refined  over  again  hod  taken  up  barely  any. 

*  Trudi  bak.  otd.  imp.  niatk.  teckn.  obachtach.,  10,  (4),  19. 
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refining  led  him  to  state  that  oil  refined  in  this  manner  has  a 
more  agreeable  odor,  and  is  less  inclined  to  become  cloudy, 
absorb  air,  and  oxidize,  than  when  the  alkali  method  alone  is 
practised.' 

In  the  continuation  of  his  researches,  Ostrejko'  found  that 
crude  eolar  oil  distillate  under  the  same  conditions,  absorbed 
the  air  in  the  eudiometer  tube  in  12  days,  and  deepened  in  color 
from  3  to  2  mm.  on  the  colorimeter  scale  in  40  days,  whereas  re- 
fined distillates  required  in  one  case  14  and  in  another  41  days 
for  the  absorption  of  the  air,  the  color  changing  from  33  to  7 
mm.  and  from  58  to  6M  mm.,  respectively;  the  acid  was  about 
double.  The  experiments  were  also  extended  to  the  absorptive 
capacity  of  petroleum  for  carbon  dioxide,  nitrogen,  oxygen, 
hydrogen,  and  nitrogen  monoxide.  At  the  end  of  9  hr.  exposure 
in  the  dark,  nitrogen  monoxide,  carbon  dioxide,  and  oxygen 
were  found  to  have  decreased  in  volume,  but  the  converse  was 
noticed  with  nitrogen  and  hydrogen,  and  the  same  results  were 
obtained  by  a  further  32^^  hr.  exposure  in  the  dark.  On  the 
admission  of  light,  absorption  proceeded  in  all  cases,  the  follow- 
ing times  being  required  for  completion:  nitrous  oxide,  3%  hr.; 
carbon  dioxide,  4  hr.;  oxygen,  8hr.;  nitrogen,  2  days  (1  hr.  longer 
than  air) ;  hydrogen,  4  days.  According  to  Ostrejko,  this 
Jaeidty  of  'petroleum  for  absorbing  gases  may  exert  an  infiuence  on 
its  compoaHion;  e.'g.,  oxygen  may  be  absorbed  from  underground 
or  rain-water  by  contact,  and  thus  form  petroleum  acids,  and 
it  may  be  that  other  chemical  substances  are  communicated  to 
the  oil  in  a  similar  manner,  the  probability  of  which  discounts 

*  This  is  due  to  the  removal  by  the  acid  of  the  substances  from  which  the 
petroleuin  acida  are  formed.  More  exact  cxpcrimenta  bave  sbnwn  that 
WcU-refined  oil  on  exposure  to  the  air  becomeH  at  first  lighter  in  color,  up  to 
a  certain  limit,  after  which  point  it  begins  to  darken  again,  the  extent  of  the 
initial  transformation  being  in  one  sample  of  Russian  oil  examined,  18  mm. 
in  *i  hr.  (measured  by  Stammer's  colorimeter).  Further  leat«  were  made 
by  Ostrejko  with  Baku  oils  examined  at  intervals,  and  stored  in  the  dark, 
vhen  the  color  (initially  12  mm.)  registered  152  mm.  The  next  day,  the 
register  was  115  tiiiti.,  and  receded  to  106  mm.  in  anotber  24  hr.,  although 
protected  from  all  light.  Air  was  found  to  be  absorbed  throughout  the 
whole  period.  Sun-bleaching  is  therefore  a 
oils.  The  influence  of  various  shades  of  glas 
of  the  oil  was  also  studied.     Starlin 


Stammer,  it  was  found  that  the 

3  and  9  hr,,  aft«r  which  darkening  set 

»  Tnidi  bak.  old.  imp.  russfc.  lechn.  obichUch.,  10,  (6),  1, 


i  unsuitable  process  for  Baku 

IS  on  the  alteration  of  the  color 

D  initial  color  degree  of  116  mm. 

decolors tiuD  was  reached  between 


I 
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the  value  of  hypotheses  on  the  origin  of  petroleum  based  on  its 
chemical  composition. 

Zaloziecki*  has  reported  that  in  the  decomposition  of  acid 
sludge,  dilution,  air,  and  Ught  are  the  three  chief  factors,  the  air 
causing  oxidation. 

With  regard  to  the  effect  of  heat  on  the  oxidation  of  mineral 
oils,  it  may  be  mentioned  that  Schreiber'  has  studied  the  effect 
of  heating  various  lubricating  oils  to  temperatures  of  200°, 
250",  and  2S0°C.  in  an  apparatus  specially  constructed  to  obtain 
conditions  similar  to  those  of  actual  German  practice  in  lubrica- 
tion. After  16-24  hr.  exposure  to  the  high  temperature,  the 
mobility  and  color  of  the  residue  were  noted,  and  determinations 
were  made  of  the  extent  of  evaporation  and  of  the  formation  of 
bodies  insoluble  in  petroleum  spirit.  It*  was  found  that  high 
viscosity  and  flash-point  do  not  necessarily  mean  low  evaporation 
and  the  absence  of  resinification  at  high  temperatures,  so  that 
it  ia  advisable  to  make  separate  testa  of  all  these  properties.  The 
products  insoluble  in  petroleum  spirit  generally  described  as 
"asphaltic"  are  almost  completely  insoluble  in  hot  benzene  and 
are  therefore  more  probably  charred  products.  The  formation 
of  these  substances  apparently  only  takes  place  in  an  oxidizing 
atmosphere,  so  that  determination,  after  heating,  of  the  amount 
insoluble  in  petroleum  spirit,  is  most  important  in  the  case  of 
compressor  oils,  and  not  so  necessary  in  the  case  of  cylinder  oils 
if  the  steam  used  is  previously  freed  from  air.  The  general 
behavior  on  heating  was  found  by  Schreiber  to  agree  satisfactorily 
in  these  respects  with  the  lubricating  value  in  practice. 

In  an  investigation  conducted  along  similar  lines  to  those  fol- 
lowed by  Schreiber,  but  independently  of  the  latter,  mineral 
lubricating  oils  were  subjected  by  Waters'  to  a  temperature  of 
250''C.  for  3  hr.  in  open  or  loosely  covered  fla-tka.  Each  test  was 
made  upon  10  grams  of  oil,  and,  after  the  heating,  the  amount  of 
"asphaltic  matter"  (insoluble  in  petroleum  ether)  and  the 
percentage  loss  by  evaporation  were  determined.  It  was  found 
that,  by  heating  duplicate  samples  of  the  same  oil  side  by  side 
in  vessels  of  similar  shape,  sijie  and  material,  fairly  concordant 
results  were  generally  obtained.  Considerable  discrepancies 
were,  however,  often  caused  by  unetjual  heating,  by  variations 

^Chem.  Rei'.  Pell-  Uart-Ind.,  6  (1898),  27, 
*Z.  angew.  Chem.,  23  (1910),  99. 
•  J.  Ind.  Eng.  Chem.,  3  (IBll),  233. 


ill  the  rate  of  interdiffuaion  of  oil  vapor  and  air,  and,  apparently, 
by  obscure  catalytic  phenomena  influenced  by  the  nature  of  the 
material  in  which  the  oil  was  heated.  From  the  results  obtained, 
Waters  was  of  the  opinion  that  the  data  afforded  by  the  process 
were  sufficiently  reliable  for  the  comparison  of  a  limited  number  of 
oils  with  one  another,  as  showing  the  way  in  which  they  might 
be  expected  to  behave  when  in  actual  use. 

As  mentioned,  the  increase  which  takes  place  in  the  asphaltic 
constituents  of  mineral  oils  has  been  shown  by  Schreiber  to  be 
cau.sed  by  oxidation.  Meyerheim'  has  found  that  radium  rays 
have  no  perceptible  influence  in  increasing  the  proportion  of 
asphaltum,  and  his  experiments  have  shown  that  exposure  of  an 
oil  to  diffused  daylight  causes  an  increase  in  the  amount  of  as- 
phaltum insoluble  in  petroleum  spirit.  Analogous  results  were 
obtained  by  exposing  oils  to  the  ultraviolet  rays  of  a  mercury 
vapor  lamp.  On  the  other  hand,  with  the  exception  of  one  oil, 
in  diffused  daylight  the  amount  of  asphaltic  constituents  in- 
soluble in  alcohol-ether  was  slightly  reduced  by  exposure  to 
either  form  of  light. 

It  has  been  shown  that  the  action  of  chlorine,  sulphur,  or  sul- 
phur chloride  on  crude  petroleum  leads  to  the  formation  of 
asphaltum.  The  effect  of  other  reagents  in  causing  polymeriza- 
tion and  condensation  has  been  studied  by  Zaloziccki  and  Zie- 
linski.*  The  petroleum  used  was  of  Galician  origin,  with  a 
specific  gravity  of  0.8639  at  15°C.,  a  paraffin  content  of  1.54 
per  cent.,  carbon,  85.29,  hydrogen,  14.41,  sulphur,  0.19,  and 
oxygen,  0.11  per  cent.     The  oil  was  free  from  asphaltum.     It 
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»  Chem.  Rev.  FeU-  Hart-lvd.,  10  (1912),  28. 

»Orif.  Com.  Eighth  Intern.  Cong.  Appl.  Chem.,  10,  335. 
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was  mixed  with  5  per  cent,  of  a  powdered  reagent,  and  (a)  left 
for  4  weeks  at  the  ordinary  :;emperature  in  darkness;  (6)  left  for 
80  days  at  the  ordinary  temperature  in  sunlight;  (c)  heated  for 
166  hr.  on  a  water-bath;  and  (d)  heated  to  140°C.  for  35  hr.  in  a 
sealed  tube.    The  results  were  as  shown  in  preceding  table. 

Metallic  sodiiun,  sodixmi  carbonate,  manganese  dioxide, 
sodium  sulphide,  sulphur,  barium  sulphide,  barium  peroxide,  and 
phosphorus,  were  tried  in  some  of  the  experiments,  but  with 
negative  results.  The  greatest  yield,  10.28  per  cent.,  was  ob- 
tained by  heating  to  150°-155°C.  with  5  per  cent,  of  aluminum 
chloride  for  60  hr.  The  asphaltum  contained  6.04  per  cent,  sol- 
uble in  benzene,  0.14  per  cent,  soluble  in  carbon  disulphide,  and 
4.10  per  cent,  soluble  in  chloroform.  Analyses  of  the  asphaltum 
by  combustion,  at  successive  dates,  showed  that  it  gradually 
became  oxidized.  The  asphaltum  contained  a  much  greater 
proportion  of  sulphur  than  the  crude  pctrolemu.  It  is  probable, 
according  to  Zaloziecki  and  Zielinski,  that  natural  asphaltum 
is  formed  from  petroleum  by  the  action  of  certain  mineral 
substances  and  by  subsequent  oxidation  of  the  products.  Sul- 
phur compounds  in  the  petroleum  appear  to  take  part  in  the 
condensation. 

Technical  Processes. — Since  1880,  there  have  been  patented 
a  number  of  processes  for  the  production  of  asphaltoid  sub- 
stances from  petroleum.  For  example,  De  Smedt^  claimed  the 
treatment  of  coal  tars  and  heavy  petroleum  oils  with  an  oxidizing 
agent  ;^  Hyde^  patented  an  insulating  compound  composed  of 
petroleum  or  mineral  oils  combined  under  heat,  in  a  closed 
vessel,  with  the  hard  bituminous  residuum  from  the  distillation 
of  petroleum;  Waring*  claimed  an  insulating  material  produced 
by  subjecting  natural  asphaltum,  or  the  heavier  distillates  or  resid- 
ual products  of  petroleum^  to  a  degree  of  heat  above  the  vapor- 
izing point  of  water,  to  eliminate  the  latter  and  the  light  and 
easily  decomposed  products — approximately  175°C. — but  be- 
low the  point  at  which  destructive  distillation  or  cracking 
begins;  Dubbs*  devised  a  process  which  consisted  in  the  com- 

>  United  States  Patent  239466,  Mar.  29,  1881. 

'According  to  this  patent,  telegraph  wires  and  electrical  conductors  are 
insulated  or  covered  with  an  oxidized  hydrocarbon  obtained  by  treating  coal 
tars  and  the  heavy  oils  of  petroleum  with  an  oxidizing  agent. 

» United  States  Patent  281999,  July  24,  1883. 

*  United  States  Patent  284098,  Aug.  28,  1883. 

*  English  Patent  3026,  Feb.  16,  1892.  On  sulphur  processes,  sec  Kohler's 
"Asphalte",  1904,  119. 
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bination  of  crude  petroleum  or  petroleum  residues,  when  sub- 
jected to  heat,  with  sulphur;  Haddan^  claimed  an  invention 
which  related  to  the  production  of  artificial  asphaltum,  or  pitch, 
from  hydrocarbon  oils  or  their  products  by  the  addition  of 
resinous  substances,  and  subjecting  the  whole  to  heal  and  partial 
distillation;  and  Grey^  devised  a  process  wherein  the  retort 
containing  a  mixture  of  residue  with  limestone  or  the  like  is 
heated  to  the  requisite  temperature,  and  while  the  mixture  is  in  a 
heated  condition,  air,  preferably  under  pressure,  is  admitted  and 
efficiently  diffused  through  the  m^aterial  in  order  to  rapidly  oxidize 
the  same  and  bring  it  to  the  required  degree  of  consistency.  Then, 
too.  Forward  and  Davidson^  proposed  to  mix  crude  petroleum, 
petroleum  tar,  or  heavy  hydrocarbon  oil  with  sulphuric  acid, 
then  to  separate  the  carbonaceous  matter  from  the  oils,  wash 
the  former  to  free  it  from  the  acid,  mix  with  it  heavy  hydro- 
carbon oil,  and  subject  the  mixture  to  a  high  temperature* 
(preferably  to  800°  F.);  later  Forward  patented  a  process  for  the 
manufacture  of  asphalt  from  petroleum  residuum  or  from 
crude  petroleum,'^  wherein  petroleum  residuum,  having  a  gravity 
of  17V22'*B6.,  is  heated  in  a  still  to  about  625*'F.  for  24  to  60 
hr.  in  order  to  drive  ofif  the  volatilizable  constituents,  and  is 
then  heated  in  an  open  vessel  at  a  lower  temperature,  for  example 
525°F.,  for  5  to  24  hr.,  until  the  product  has  the  desired  con- 
sistence; and  Burton^  has  claimed  a  process  in  which  the  liquid 
portions  of  parafiin  distillates  having  a  boiling  point  of  upward 
of  500°F.  (260°C.)  are  distilled  at  a  temperature  of  from  650° 
to  850°F.  (343°-454°C.),  under  a  pressure  of  from  4  to  5  at- 
mospheres maintained  by  means  of  the  volatile  constituents, 
until  the  volume  of  the  liquid  has  been  reduced  to  about  40  or 
50  per  cent,  of  its  original  volume,  after  which  the  liquid  residue 
is  drawn  off  and  subjected  to  a  temperature  of  from  500° 
to  700°F.  (260°-371°C.)  under  substantially  atmospheric  pres- 
sure in  an  inert  atmosphere  until  the  major  portion  has  been  dis- 
tilled off. 

1  English  Patent  9550,  May  12,  1893. 

*  English  Patent  18302,  Aug.  25,  1898. 
'English  Patent  20879,  Oct.  4,  1898. 

*  During  the  heating,  which  should  be  kept  up  from  4  to  8  hr.,  the  conver- 
sion of  the  combined  material  into  asphalt  is  effected. 

» English  Patent  9C46,  Apr.  20,  1911 ;  see  also  United  States  Patent 
998569,  July  18,  1911. 

•United  States  Patent  1055707,  Mar.  11,  1913. 
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Thick  resins  were  prepared  from  lubricating  oil  residuum  in 
Baku  for  the  English  market  from  1891-1896,  by  driving  off  the 
more  volatile  portion  of  the  residuum  at  about  400°,  either  by 
direct  fire  or  superheated  steam.  The  yield  being  low  and  the 
product  little  adapted  to  replace  asphalt,  Adiyasievitch'  elabor- 
ated a  process  which  was  carried  out  at  between  150°  and  200° 
in  an  ordinary  still  by  means  of  a  blast  of  air  with  the  simul- 
taneous discharge  of  electricity.  Treated  in  this  manner,  a 
residuum  of  specific  gravity  0.930  acquired  in  3  hr.  a  density  of 
1.000,  with  an  increased  flash-point.  The  opinion  was  expressed 
by  Adiyasievitch  that  the  thickening  of  the  oil  must  be  due  to 
chemical  change. 

Kouindjy'  discussed  the  process  of  Adiyasievitch,  wherein 
hot  air  was  blown  into  residues  heated  to  150°-200°C.,  and  an 
electric  current  was  caused  to  pass  through  the  mass.  Accord- 
ing to  him,  the  bitumens  obtainable  thereby  may  be  used  in 
the  manufacture  of  asphalt. 

The  processes  of  Byerley  and  of  Culmer  are,  however,  the  best- 
known  commercially,  and  therefore  merit  more  detailed  descrip- 
tion than  the  preceding. 

In  the  manufacture  of  petroleum  products,  it  had  been 
customary,  in  this  country,  prior  to  1893,  to  distil  the  crude  oil 
iD  externally  heated  stills,  so  as  to  drive  off  the  naphtha  and  the 
buiuing  oil  with  more  or  leas  of  the  heavier  oils,  leaving  a  re- 
siduum or  tar  which  could  be  further  distilled,  if  desired,  down  to 
a  solid  body.  As  the  distillation  of  petroleum  residuum  or  tar 
had  been  commonly  conducted,  it  had  resulted,  when  pushed  to 
the  production  in  the  still  of  a  body  which  was  solid  in  the  still 
or  which  solidified  on  cooling,  in  the  formation  of  a  coke  or  a 
coke-containing  pitch. 

In  accordance  with  the  invention  of  F,  X,  Byerley,'  petroleum 
residuum  or  tar  is  distilled  down  to  a  soUd  body  by  a  prolonged 
exposure  to  a  pitch-forming  noncoking  temperature,  say  about 
600°  F.jWith  agitation  and  exposure  to  air  or  analogous  gas  or 
gaseous  mixture.  By  this  means,  there  are  produced  black  (or 
very  dark  brown)  bodies  readily  soluble  in  petroleum  naphtha, 

^Zap.  imp.  msik.  Ukhn.  obschinch.,  89  (1895),  03;  /.  Soe.  Chem.  Ind.,  IS, 
346. 

*  BuU.  de  ia  Soc.  d' encouragement  pour  Vrndtatrie  nalumaU,  M  (189G, 
1116. 

*  United  States  Patent  £24130,  Aug.  7,  IBM. 
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say  benziae  of  62''B^.,  in  which  the  cokes  or  pitches  heretofore 
made  from  petroleum  were  soluble  at  the  most  in  comparatively 
small  proportions.  These  bodies  were  believed  to  be  new  and 
were  included  in  the  patent  of  Byerley  as  new  articles  of  manu- 
facture, as  well  as  their  process  of  production.  They  vary,  ac- 
cording to  the  extent  to  which  the  process  is  pushed,  in  hardness 
at  atmospheric  pressure  (say  at  60°F.)  from  a  rubber-like  con- 
sistency to  a  mass  of  a  hardness  and  conchoidal  fracture  like  the 
natural  asphaltums,  as,  for  example,  Trinidad  asphaltum  and 
gilsonite  from  Utah.  At  a  lower  temperature  the  less  hard  bodies 
become  harder  and  have  a  conchoidal  fracture.  The  bodies 
melt  at  from  about  200^.  to  about  400^.  The  higher  melting 
bodies,  say  those  melting  at  from  350°F.  to  400T.,  or,  in  other 
words,  those  which  have  a  drying  quality,  are  claimed  to  be  well 
adapted  to  varnish-making,  being  employed  in  place  of  the  natural 
asphaltum.  These  bodies  may  be  used  also  for  paving  and  roof- 
ing and  for  analogous  purposes  to  which  natural  asphaltums  are 
applied;  but  in  order  to  melt  at  the  temperatures  which  workers 
in  those  industries  have  found  convenient  to  use,  it  is  necessary, 
as  with  Trinidad  asphaltum,  to  employ  oil  or  the  hke  to  render 
them  sufficiently  limpid  at  such  temperatures,  and  it  is  better 
therefore  for  such  \ises  to  employ  bodies  of  less  hardness,  which 
have  sufBcient  oily  matter  present  to  melt  at  a  convenient  tem- 
perature. To  liis  product  Byerley  gave  the  name  "Byerlyte", 
by  which  designation  it  has'become  widely  known.  It  has  been 
held^  that  there  is  not  a  prior  patent  or  prior  use  relating  to  the 
production  of  asphaltic  products  from  petroleum  simply  by  the 
prolonged  exposure  to  high  temperature  and  the  action  of  air. 

In  the  report  of  an  investigation  on  the  artificial  production 
of  asphalt  from  petroleum,  C,  F.  Mabery  and  J.  H.  Byerley* 
state  that  it  has  long  been  felt  that  products  should  be  obtained 
from  the  less  volatile  portions  of  petroleum  with  a  greater  value 
than  the  coke  which  is  the  final  product  in  the  ordinary  process 
of  refining.  Many  attempts  have,  therefore,  been  made  to  con- 
duct the  final  distillation  in  such  a  manner  that  the  heavier 
portions  may  be  protected  from  decomposition  and  converted 
into  a  form  suitable  for  the  preparation  of  asphalt  or  similar 
products. 

'  Byerley  d».  The  Sun  Company,  Circuit  Court  of  the  United  StatM  tor 
the  Eastern  Diitrict  of  Pennsylvania,  October  Session,  1908,  No.  201, 
»  Am.  Chem.  J.,  18  (1890),  141-150. 
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"F.  X.  Byerley  was  the  firat  to  discover  the  conditions  necesssary  to 
prevent  ultimate  decomposition,  and  he  has  perfected  a  method  which 
renders  possible  the  separation  of  commercial  products  that  are  service- 
able in  the  manufacture  of  the  various  grades  of  asphalt,  such  as  are  used 
in  varnishes,  roo5ng  and  paving.  This  method  has  been  protected  by 
letters  patent,  and,  under  the  control  of  a  large  corporation,  the  manu- 
facture of  these  materials  will  doubtless  assume  large  proportions. 

"As  shown  by  our  own  experiments,  although  the  introduction  of  air 
during  distillation  produces  greater  decomposition,  the  iirst  series  of  dis- 
tillates collected  under  ordinary  conditions,  gives  eridenoe  of  consider- 
able change,  especially  in  the  higher  fractions.  In  the  Byerley  method 
these  changes  are  prevented  to  a  large  extent  by  very  slow  distillation. 
.  .  .  The  air  doubtless  serves  several  purposes.  It  causes  oxidation 
to  a  certain  extent,  especially  if  the  tar  is  a  residue  from  a  sulphur  oil. 
....  Then  the  tar  is  protected  during  distillation  from  the  decompos- 
ing action  of  the  hot  still  bottom  by  the  currents  of  air  which  keep  it 
constantly  in  motion." 

According  to  the  process  of  G.  F.  and  G,  C.  K.  Calmer  for  the 
manufacture  of  asphaltic  fluxes,'  the  oil  residuum  from  pe- 
troleum diatillation  which  is  to  be  used  in  the  preparation  of 
asphaltic  paving  or  roofing  cements,  by  admixture  with,  say, 
about  80  per  cent,  of  refined  Trinidad  asphalt,  is  first  submitted 
to  a  prolonged  heating  (380°F.)  and  at  the  same  time  to  the 
oxidizing  action  of  air,  whereby  a  flux  'is  obtained  which,  it  is 
claimed,  mixed  in  even  larger  proportions  than  above  stated 
with  asphalt,  renders  the  cement  at  once  firm  and  elastic  in 
winter  without  being  brittle,  and  yet  not  liable  to  become  soft 
on  exposure  to  the  heat  of  the  sun — a  defect  of  the  cements  pre- 
pared by  mixing  80  per  cent,  of  refined  Trinidad  asphalt  with 
20  per  cent,  of  the  oil  residuum  from  the  distillation  of  petroleum. 

The  Culmer  process  for  the  treatment  of  petroleum  residue  for 
producing  asphalt  has  been  described  as  follows:^ 

About  3J-^  tons  of  petroleum  residue  of  IS^B^.  are  placed  in  a 
hooded  pan  and  heated  to  IQS^C,  whereupon  air  is  blown  into 
the  contents  through  a  perforated  coil  for  40  hr.,  the  volume  of 
air  admitted  per  hour  being  5,000-6,500  cu.  ft.  during  the  first 
32  hr.  and  3,000-4,000  cu.  ft.  during  the  remainder  of  the  time. 
The  mass  is  said  to  become  thicker  and  an  increase  in  the  internal 
heat  is  noticeable;  the  loss  in  weight  amounts  to  3J^-4  per  cent. 

'See  United  States  Patents  635429  and  635430,  Oct.  24,  1899;  and 
English  Patent  U687,  June  5, 1888. 

'  Rev.  Prod.  Chim.,  2,  366. 
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The  changes  occurring  during  the  operation  are  shown  in  the 
following  table  giving  the  percentage  composition  of  the  mass  at 
the  different  times  specified;  the  increased  proportion  of  as^- 
phaltene  is  said  to  be  the  cause  of  the  suitability  of  the  product 
for  the  purpose  in  view. 
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PETROLATUM 

Petrolatum^ — defined  in  the  "United  States  Pharmacopoeia" 
as  "a  mixture  of  hydrocarbons,  chiefly  of  the  methane  series, 
obtained  by  distilling  off  the  lighter  and  more  volatile  portions 
from  petroleum,  and  purifying  the  residue" — as  prepared  from 
American  petroleum,  has  acquired  much  importance,  under 
various  trade  names,  as  a  bland  neutral  body  well  fitted  to  replace 
lard,  etc.,  as  an  ointment  base,  for  use  as  a  protective  dressing, 
and  for  lubricating  purposes.  It  contains  hydrocarbons  of  the 
paraffin  series,  like  C16H34,  C17H36,  CisHsg,  etc.,  up  probably 
to  C82H66,  together  with  hydrocarbons  of  the  olefine  series, 
Ci6Hs2,  Ci7H34,  etc.*  It  is  stated  to  have  a  specific  gravity  of 
0.845  at  100°F.» 

Petrolatum  is  prepared  from  the  residue  left  in  the  stills  after 
the  distillation  of  paraffin-base  petroleum  by  steam;  from  the 
residue  or  sediment  ("B.  S.")  deposited  in  tanks  containing 
crude  petroleum,  of  which  large  quantities  have  been  collected 


1  Equivalent  preparations  or  ones  of  greater  or  less  similarity  are  Petro- 
leum Ointment,  UnguerUum  Petroletj  Petrolatum  MoUe,  Petrolatum  SjMsum^ 
Soft  Paraflftn,  Adeps  Petroleif  Unguentum  Paraffinum^  Soft  Petrolatum, 
"Cosmoline,"  "Vaseline,"  Paraffin  Jelly,  Petroleum  Jelly,  Soft  Petroleum 
Ointment,  Hard  Petroleum  Ointment,  Hard  Petrolatum,  and  Petrolatum 
Album, 

«  "The  Dispensatory  of  the  United  States,"  19th  ed.,  923. 

•Lunge's  "Technical  Methods  of  Chemical  Analysis,"  1914,  8,  i,  97, 
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in  storage  tanks  in  the  oil  regions  of  Peunsylvania  and  Ohio; 
or  from  "rod  wax."^ 

The  Preparatioii  of  Petrolatuin. — The  product  known  as 
"vaseline"'  was  introduced  by  the  Chesebrough  Manufacturing 
Company  in  1871.  Vaseline-like  products  are  now  made  to  some 
extent  from  residues,  but  more  largely  from  what  are  termed 
steam-reduced  amber  crudes,  i.e.,  suitable  crude  oils  from  which 
the  lighter  fractions  (those  included  under  the  heads  of  benzine, 
naphtha,  and  illuminating  and  lubricating  oils)  have  been  re- 
moved by  steam  distillation.  The  reducing  is  sometimes  care- 
fully carried  out  under  diminished  pressure,  by  what  is  termed 
the  "vacuum  process,"  when  the  "reduced"  oils  can  be  brought 
to  337.7°C.  {640''P.)  fire  test  without  acquiring  the  slightest 
pyrogenous  odor.  The  "reduced  oils"  may  be  oxidized  by  air- 
blowing. 

The  "reduced  oils"  are  filtered  through  well-dried  granular 
animal  charcoal  or  fullers'  earth  in  steam-jacketed  filters  or  in 
chambers  kept  at  a  temperature  of  from  43,3°  to  54,4''C,  (110° 
to  ISO^F.),  or  in  some  cases  higher.  The  first  runnings  from  the 
filters  are  colorless,  and  then  pass  from  a  tight  straw  or  amber 
color  to  a  color  which  is  red  by  transmitted  light  and  light  green 
by  reflected  light.  The  latter  product  is  known  as  "cylinder 
stock"  or  "filtered  cylinder  oil"  and  is  collected  for  use  as  a 
lubricating  oil.  The  clearer  portion  of  the  filtrate  may  then  be 
brought  to  the  proper  melting  point,  if  necessary,  by  the  addition 
of  stemmed  rod  wax  or  amorphous  paraffin,  which  dissolves 
perfectly  in  the  warm  liquid  oil. 

The  crude  oil  tank  residues  and  the  solid  hydrocarbons  that 
collect  in  petroleum  wells  are  p\irifled  in  a  similar  manner. 
The  "B.  S  oil"  or  "rod  wax"  is  placed  in  a  still,  heat  is  applied, 
and,  after  the  lighter  products  have  distilled  over,  and  indications 
of  congelation  are  noticed  when  a  portion  of  the  distillate  is 
allowed  to  cool,  the  heat  is  withdrawn,  and  the  contents  of  the 
still,  after  having  cooled,  are  transferred  gradually  to  a  per- 
col&tor   which   contains   recently   heated  animal  charcoal.     In 

'  On  the  utilisation  of  the  aolid  paraffiii  hydrocarbons  that  collect  in  petro- 
leum wella  in  the  production  of  vaseline,  see  Mabgrt,  Proc.  Am.  Acad.,  40 
(1904),  349. 

'  "Vaseline"  is  a  proprietary  name  ami  is  etrictly  applicable  only  to  the 
product  of  the  Chesebrough  ManufacturiDg  CompaQy,  but  the  term  ia 
commonly  used  in  a  generic  senee. 


place  of  bone-black,  Florida  fullers'  earth  has  in  recent  years  been 
uaed  for  clarification. 

Petrolatum  is  manufactured  according  to  the  following  pro- 
cedure at  a  Warren,  Pa.,  refinery; 

The  crude  oil  is  chilled  by  ammonia  refrigeration  to  about 
29°F.,  when  it  yields  from  25  to  50  per  cent,  of  a  heavy  separate, 
termed  "tank  bottoms,"  which  is  used  for  the  production  of 
petrolatum,  and  from  50  to  75  per  cent,  by  volume  of  a  light  por- 
tion which  is  used  for  making  "bright  stocks"  Qow  cold-test 
cylinder  stock).  The  "tank  bottoms"  are  then  run  into  fire 
stills  and  are  there  reduced'  to  a  melting  point  of  100°  to  120°F., 
after  wluch  the  product  is  filtered  through  Florida  fullers'  earth 
("clay")  at  a  room  temperature  of  140''F.  and  is  finally  finished 
by  filtration  through  bone-black.  It  is  also  the  practice  to 
subject  the  product  to  superheated  Bt«ara  after  filtration  through 
Florida  earth,  in  order  to  remove  the  earthy  odor.  The  filters 
are  6  ft,  by  12  ft.  and  are  of  the  gravity  type,  and  the  Florida 
earth  is  regenerated  after  use  by  retorting  at  a  red  heat  following 
a  washing  with  benzine  and  steanting  dry.  The  yield  of  petro- 
latum by  this  process  amounts  to  20  to  30  per  cent,  of  the  "tank 
bottoms." 

The  Commercial  Varieties  of  Petrolatum. — The  commercial 
varieties  of  petrolatum  may  be  classed  under  two  heads:  (1) 
Those  which,  like  vaseline,  are  obtained  as  a  ready  formed  mix- 
ture of  hydrocarbons  of  gelatinous  consistence;  (2)  those  made  by 
directly  mixing  solid  paraffin  of  low  melting  point  with  heavy 
Lubricating  oil,  such  as  are  known  in  Germany  as  "artificial 
vaselines."  The  latter  varieties  are  less  homogeneous  and  are 
liable  to  deposit  granules  of  paraffin  on  keeping;  they  are 
therefore  not  so  suited  for  the  preparation  of  ointments  as  true 
American  petrolatum. 

In  warm  ether,  American  petrolatum  dissolves  freely  to  a  clear 
solution  exhibiting  a  strong  blue  fluorescence,  and  the  liquid 
remains  clear,  or  at  most  becomes  only  slightly  turbid,  on  cooling. 
On  the  other  hand,  German  petrolatum  is  said  to  form  a  thick 
solution  with  warm  ether  and  to  give  a  considerable  deposit  on 
cooling.  Russian  petrolatum  is  stated  to  dissolve  completely 
in  warm  ether  and  to  give  a  clear  solution  which  becomes  turbid 

*  A  current  of  Bteam  ia  used  during  rtiductian  in  order  to  "BWeeten"  the 
product. 
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on  cooling.^  In  the  "United  States  Pharmacopoeia"  (8th  rev.) 
there  are  three  forms  of  petrolatmn,  as  follows:  Petrolatum^ 
Petrolatum  Album,  and  Peirolaium  Liquidum.  In  the  ''British 
PharmacopcBia"  there  are  three,  as  follows:  Paraffinum Liquidum, 
Paroffinum  MoUe,  and  UngiMcntum  Paraffini.  The  petrolatmn  of 
the  "United  States  PJiarmacopcBia''  (8th  rev.)  corresponds  with 
the  Petrolatum  Spissum  of  the  "United  States  Pharmacopoeia/' 
1890.  The  Paraffinum  MoUe  of  the  "British  Pharmacopoeia*' 
resembles  the  Petrolatum  MoUe  of  the  "United  States  Pharmaco- 
poeia," 1890,  but  is  somewhat  softer  in  consistence. 

The  "Liquid  Paraffin"  of  the  "German  Pharmacopoeia"  is 
obtained  from  heavy  fractions  of  petroleum  by  successive  treat- 
ments with  66°B6.  sulphuric  acid  and  oleum.  These  destroy 
all  imsaturated  constituents  and  leave  a  mixture  of  saturated 
hydrocarbons  resembling  melted  paraffin  wax.^  In  1915,  when 
the  Russian  supply  was  cut  off,  the  manufacture  of  liquid  pe- 
trolatum, or  "white  medicinal  oil,"  was  started  on  a  large  scale 
in  the  United  States,  and  a  number  of  products  which  are  equal 
to  "Russian  white  oil,"  are  now  being  marketed  for  use,  princi- 
pally in  the  treatment  of  constipation.' 

Official  Petrolatum. — The  "United  States  Pharmacopoeia" 
describes  petrolatmn  as  follows:  "An  unctuous  mass,  of  about 
the  consistence  of  an  ointment,  varying  in  color  from  yellowish 
to  light  amber,  having  not  more  than  a  sUght  fluorescence, 
even  after  being  melted,  transparent  in  thin  layers,  completely 
amorphous;  without  odor  or  taste,  but  giving  off,  when  heated,  a 
faint  petroleum-like  odor.  If  a  portion  of  petrolatum  be  liquefied 
and  brought  to  a  temperature  of  60°C.  (140°F.),  it  should  have  a 
specific  gravity  of  from  0.820  to  0.850.  Petrolatum  is  insoluble 
in  water;  scarcely  soluble  in  cold  or  hot  alcohol,  or  in  cold 
absolute  alcohol,  but  soluble  in  boiling  absolute  alcohol,  and 

^Allen's  ''Commercial  Organic  Analysis,"  2nd.  ed.,  2,  408.  Russian 
vaseline  is  an  artificial  product,  prepared  from  liquid  vaseline  oil  and  ceresin 
(Stazenko,  Farm,  Westnik,  4  (1900),  376). 

*  See  Oil  of  Paraffin  (p.  891).  Perfumery  OH  (p.  896),  Petrolatum  (Liquid) 
(p.  898),  and  Petrolatum  Oil  (p.  899).  For  a  general  account  of  medicinal 
white  oils,  see  Nat.  Petrol  NewSj  7  (1916),  No.  6,  46.  For  a  chemical  con- 
sideration of  pharmaceutic  naphthene  oil  (liquid  petrolatum),  see  Brooks, 
J.  Am.  Med.  Aasn.y  66  (1916),  24.  Brooks  discusses  the  testing  of  oils  of 
this  class. 

'On  clinical  experience  with  liquid  petrolatum,  see  Bastp:do,  J.  Am. 
Med,  Asm,,  Mar.  6,  1915,  808. 
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readily  soluble  in  ether,  chloroform,  carbon  disulphide,  oil  of 
torpentiney  petroleum  benzine,  benzene,  and  fixed  or  volatile 
oils.  The  melting  point  of  petrolatum  ranges  between  46*^ 
and48''C.  (113''  and  118.4"^.)-  If  heated  on  platinum  foil  to  a 
still  higher  temperature,  petrolatum  should  be  completely 
volatilized  without  emitting  any  acrid  odor.  If  melted  pe- 
trolatum be  well  shaken  with  water,  the  latter  should  not  reilden 
blue  litmus  paper.  If  10  grams  of  petrolatum  be  digested  at 
100°C.  (212°F-)  for  J2  ^-  ^th  10  grams  of  sodium  hydroxide 
and  50  c.c.  of  water,  the  aqueous  layer  separated  and  super- 
saturated with  sulphuric  acid,  no  oily  or  solid  substance  should 
separate  (absence  of  fixed  oils  or  fats  of  animal  or  vegetable  origin 
and  of  rosin)."  The  "British  Pharmacopoeia"  describes  it  as 
"white  or  yellow,  translucent,  soft,  imctuous  to  the  touch,  free 
from  acidity,  alkalinity,  or  any  impleasant  odor  or  flavor,  even 
when  warmed  to  12b**F.  (48.9°C.).  Specific  gravity  at  the 
melting  point,  0.840  to  0.870.  Melts  at  96**  to  102°F.  (35.5^  to 
38.9**C.)  or  even  somewhat  higher,  volatilizes  without  giving  off 
acrid  vapors,  and  bums  with  a  bright  flame,  leaving  no  residue. 
Insoluble  in  water,  slightly  soluble  in  absolute  alcohol,  freely 
soluble  in  ether,  chloroform  and  benzol.  After  treating  with  a 
boiling  solution  of  sodium  hydroxide,  the  aqueous  liquid  yields 
no  precipitate  or  oily  matter  on  adding  excess  of  acid  (al^sence 
of  fixed  oils,  fats,  and  resin)."  As  ft  is  found  in  the  market, 
petrolatum  varies  in  color,  odor,  and  melting  point.  The 
statement  frequently  made  by  the  manufacturers  that  it  is  un- 
alterable in  the  air  is  incorrect,  as  it  has  been  frequently  noticed 
that  exposure  to  light  and  air  causes  it  to  assume  a  disjigreeablo 
odor  resembling  that  of  crude  petroleum.^  It  has  been  ol)8erveil 
to  have  at  times  irritating  properties,  which  may  be  due  to  im- 
perfect removal  of  the  sulphuric  acid  or  similar  agents  used, 
but  are  more  probably  caused  by  rancidity  or  decomposition. 

According  to  Mabery,*  vaseline  consists  of  heavy  oils  of  the 
series  CJI^^y  CJIin-^^  and  CnH2ii-4,  with  solid  paraffin  hydro- 
carbons, the  latter  being  sufficient  in  quantity  to  saturate  the 
former  and  produce  an  emulsion. 

The  Preparation  of  German  Petrolatum. — Petrolatum  is 
obtainable  not  only  from  the  paraffin-base  petroleums  of  the 

»  The  Dispensatory  of  the  United  Stat^is,"  19th  od.,  023. 
*Proc.  Am,  Acad.,  40  (1904),  361, 
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United  States,  but  also  from  the  oils  of  Galicia,'  Elsasa'  and 
Russia.* 

According  to  German  practice,*  the  oil  under  treatment  is 
(1)  heated  by  steam  to  about  SO'C.  (Se^F.),  mixed,  at  this  tem- 
perature, with  10  per  cent,  of  its  weight  of  sulphuric  acid  of 
60°B4.,  stirred  for  )4,  hr.,  and  then  allowed  to  stand  at  rest,  so 
that  the  carbonized  portions  may  separate,  (2)  When  clear, 
the  oil  is  washed  with  a  water  solution  of  potassium  dichromate, 
whereby  any  remaining  excess  of  sulphuric  acid  is  removed. 
(3)  The  residue  from  the  acid  treatment  is  mixed  with  lime, 
neutralized,  and  disposed  of  to  fertilizer  factories.  (4)  The 
clear  oil  from  the  second  step  of  the  process,  after  being  washed, 
is  heated  by  steam  to  SO^C.  (lye^F.),  mixed  with  10  per  cent. 
of  its  weight  of  granular  animal  charcoal,  and  then  allowed 
to  stand  at  rest,  to  permit  the  animal  charcoal  to  settle.  (5) 
After  the  latter  is  separated,  the  liquid  portion  is  filtered  through 
filters  heated  by  steam.  (6)  The  residuary  magma  of  animal 
charcoal  is  subjected  to  hydraulic  pressure,  the  expressed  oil 
filtered,  and  the  solid  residue  is  again  used  in  the  next  operation, 
a  sufficient  quantity  of  fresh  animal  charcoal  being  added  to 
make  up  for  any  loss  or  waste. 

The  Chemistry  of  German  Petrolatum. — Petrolatum  obtained 
from  Galician  petroleum  has  been  investigated  by  Engler  and 
Bohm,'  who  studied  two  especially  suitable  crude  oils  from  Kopa, 
in  Galicia."  On  account  of  their  technical  importance,  the  re- 
sults of  this  inquirj-  are  presented  at  some  length  below. 

Two  methods  were  employed  by  Engler  and  Bohm  for  obtain- 

'  Ekolbh  and  BaHM,  DingUr'a  polyC.  J.,  362  (1S86),  468. 
•J.  flt«i«.  Phy».-Chtm.  Soc,  13,  454. 

•  MENDELfiBPP,  Fortschr.  Jakresbcr.  Chem.,  1883,  1458;  Biel,  Md.,  1466; 
and  Stazbnko,  form.  Weiftnik,  i  (1900),  376. 

*  Pharm.  Cenlralk.,  1681,  No.  42;  N€^E  RemedUt,  Februafj-,  1883. 
'  Dingler's  polyl.  J.,  363  (1886),  408  and  524. 

'  These  oils,  which  were  atrongly  dichniic,  gave  the  following  results  on 
fractionation: 

LVPr"''"'      '50°  to  290°C. 


J 
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ing  the  vasdiiie — the  first  r<Misistiiig  in  dissolving  the  reisddue  in 
petroleum  ether,  deoolorixing  the  solution  by  bomsMack, 
and  remoTing  the  solvent  by  evaporation;  and  the  9«*ottd  in 
bleaching  the  oil  itself ,  and  evapcH^ating  it  to  the  consist^icy  of 


1.  Prtparatian  from  Retidtie. — ^When  the  residue,  after  expel- 
ling the  portions  with  boiling  pcHnts  up  to  340^.,  became  s>Tupy, 
about  one-third  more  was  expdled,  the  remainder  having  about 
the  consistency  of  butter.  One  part  of  this  was  dis$ol\Td  in 
7  parts  of  petroleum  ether  of  0.66  specific  gravity,  and  treated 
repeatedly  with  one  and  a  half  times  its  weight  of  powdered 
bone-black  for  1  or  2  hr.  After  the  se^'enteenth  treatment 
the  fluorescent  solution  became  water-white.  On  evaporating 
off  the  solvent,  the  vaseline  was  left  as  an  odorless,  tasteless,  and 
colorless  oil,  with  strong  blue  fluorescence,  congealing  to  a  trans- 
lucent mass  consisting  solely  of  hydrocarl)oiis  and  melting  at 
32°C.  It  showed  no  crj-stalline  structure,  nor  did  the  precip- 
itate produced  on  cooling  down  from  solution  in  hot  alcohol 
display  any  crystalline  appearance.  On  the  other  hand,  par- 
affin scale  separated  in  quantity  out  of  the  distillates  from  the 
concentration  of  the  residue. 

2.  Preparation  from  Decolorized  Crude  Oil. — The  oil  was 
bleached  by  passage  through  bone-black  filters,  similar  to 
those  used  in  sugar  refineries,  75  cm.  high  and  5  cm.  wide, 
provided  with  a  steam  jacket,  and  containing  0.8  to  1  kg.  of 
bone-black.  Usually  six  of  these  filters  suffictnl  to  decolorise 
the  oil,  leaving  it  fluorescent  and  with  a  specific  gravity  nHhK*eil 
from  0.812  to  0.795  in  the  case  of  oil  No.  I,  and  from  0.820  to 
0.782  in  that  of  oil  No.  II.  Distillation  in  vactio  (10  to  15  mm. 
mercury  column)  at  250°C.  was  effected  in  a  flask  placed  up  to 
the  neck  in  a  Lothar  Meyer  air-bath.  The  resulting  colorless, 
odorless,  and  translucent  vaselines  had  the  following  pro|)ertie8. 

Yield.  ^pwiBo  j^^,^^ 

per  cent.  *^  20^6.  point 

Oill 13.8  0.8809      30' U)  3^0. 

Oil  II 13.2  0.8785       30' to  31*0. 

The  composition  of  the  vaselines  obtained  respectively 
from  the  residues  and  direct  from  two  crude  oils,  shown  in 
the  following  table,  indicates  that  the  products  are  pure  hydro- 
carbons: 
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Table  LII. — Composition  of 

Galician  Vaselines 

Peroentago 

From  the  residues 

From  No.  1  oil 

From  No.  2  oil 

compoeition 

I 

II 

III 

IV 

V 

VI             VII 

c 

H 

86.99 

13.14 

86.67 
13.15 

86.30 

13.99 

86.54 
13.73 

86.55 
13.74 

86.14 

13.50 

86.17 
13.72 

Mean  atomic 
oompoftition 

c 

H 

7.23 
13.14 

7.20 
13.82'   • 

7.18 
13.61 

In  order  to  learn  whether  the  melting  point  of  the  products 
could  be  raised  by  distilling  off  a  portion,  and  whether  the 
chemical  nature  of  the  vaseline  was  affected  thereby,  samples  of 
the  vaseline  from  the  bleached  oils  were  fractionally  distilled  until 
only  a  few  drops  of  residue  remained.  The  following  results 
show  that  the  melting  point  of  the  distillates  increases  pro- 
gressively: 

Melting  Points  op  Vaseline  Distillates 

Vaseline  from  I Fraction  250**  to     290**  to  330**C. : 

270**C.:22**   to  27°C. 

23°C. 

Vaseline  from  II 24**C.  290^  to  SIO^'C. : 

28^*0. 

The  melting  point  of  the  residue  rises,  after  parting  with  the 
first  fraction,  from  30.5°  to  32°  to  33°C.,  subsequently  falling, 
and  becoming,  after  removal  of  the  second  fraction,  29°  in  the 
case  of  No.  I  and  27°  in  the  case  of  No.  II.  This  was  probably 
the  result  of  decomposition,  and  it  is  noteworthy  that  the  dis- 
tillates became  crystalline  in  structure,  while  the  residual  vase- 
line in  the  still 'retained  its  amorphous  character  to  the  last. 

The  distillate  resembled  a  mixture  of  paraffin  and  volatile 
oils;  and  since,  owing  to  the  softness  of  the  paraffin  and  the 
consistency  of  the  oil,  separation  could  not  be  effected  by  filtra- 
tion, absorption,  or  pressure,  Engler  and  Bohm  adopted  a 
method  of  fractional  precipitation  from  an  ethereal  solution  by 
means  of  alcohol.  In  this  process  the  distillate  was  dissolved  in 
the  minimum  quantity  of  ether  in  the  cold,  the  paraffin  precipi- 
tated by  agitation  with  absolute  alcohol,  separated  by  filtration, 
washed  with  alcohol,  and  dried.  The  process  was  repeated  on  the 
filtrate  until  all  the  solid  paraffin  was  eliminated,  and  oil  drops 
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were  precipitated,  when  the  liquid  was  evaporated,  and  the 
residue  treated  with  minimum  quantities  of  ether  and  alcohol 
on  cooled  filters  until  oily  drops  again  appeared.  The  solids 
were  then  treated  again  by  the  same  method  to  secure  perfect 
separation. 

In  order  to  determine  the  accuracy  of  the  process,  experiments 
were  made  with  40  grams  of  a  mixture  consisting  of  30  parts  of 
''paraffinum  liquidum"  and  10  parts  of  paraffin  of  56°C.  melt- 
ing point.  Satisfactory  results  were  obtained,  but  whether  the 
method  would  be  equally  effective  in  the  case  of  a  mixture  of 
very  soft  paraffin  with  very  thick  oil,  and  under  other  experi- 
mental conditions,  was  not  ascertained.  Fractions  I  to  IV  of 
the  vaseline  No.  I  from  the  distillation,  gave  by  this  process, 
with  four  precipitations: 

Table  LIII. — Paraffins  in  Vaseline  Distillates 


Melting  points  of  the  precipitates 


Re- 
mainder 


I 
II 

250®  to  270® 
270®  to  290® 
290®  to  330® 

(About  half 
over  330®) 

22®  to  23®  50®  to  51® 
28®  to  29®|41®  to  42® 

27®                  Too 

41®  to  42®  35®  to  36® 
,41®  to42®|23®  to  24® 

1 

35.5® 
43® 

to36.5«» 
to  44® 

to  46®* 

Fluid. 
Fluid. 

III 

small  to  estimate 

IV 

30®  to31®!55®  to  60® 

48®  to  49®  35®  to  36® 

45® 

Fluid. 

NoTB. — The  paraffin  precipitated  from  the  cold  mixture  (4)  was  always  of  higher  melting 
point  than  the  preceding  precipitates  obtained  at  the  temperature  of  the  laboratory. 

The  same  vaseline,  undistilled,  gave  the  following  results: 

12  3  4  6 

Melting  point  of  In  the  cold 

precipitates....  61®C.    49®C.    40®to41®C.    29®to30®C.    35®to36®C. 

None  of  these  latter  precipitates  presented  a  crystalline 
structure,  even  after  reinelting,  while  the  precipitates  from 
the  fractions  were  all  crj^stalline.  Similar  results  were  obtained 
with  the  No.  2  vaseline  and  its  distillates. 

For  the  purpose  of  separating  the  solids  from  the  liquids 
without  consideration  of  the  melting  points,  the  same  process 
was  pursued,  but  with  a  larger  quantity  of  alcohol,  until  only  the 
fluid  oil  remained.  As  the  result,  100  grams  of  vaseline  No.  2, 
melting  at  30^  to  31°,  yielded  40.8  grains  of  solids,  of  specific 
gravity  0.8836  (at  20°),  melting  at  40°C.  This  was  termed 
"solid   vaseline,"   to   distinguish  it  from   true   paraffin.     The 

13 
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remainder,  the  "liquid  vaseline,"  was  of  specific  gravity  0,8809, 
and  only  began  to  solidify  at  —10°,  That  the  whole  vasehne 
should  possess  a  specific  gravity  lower  than  that  of  either  of  its 
constituent  parts  is  not  unprecedented,  Grotowsky*  having 
observed  the  same  thing  in  mixtures  of  paraf&n  and  oil.  The 
following  shows  the  composition  of  the  solid  and  the  liquid 
vaseline: 


86.47 


Both  the  solid  and  liquid  vaseline  boil  at  240"  to  245''C.,  and  at 
340°  yield  a  distillate  of  twice  the  amount  of  the  residue  left  in 
the  case  of  the  solid,  and  three  times  the  amount  in  the  case  of 
the  liquid  vaseline.  The  residue  of  the  solid  vaseline  ia  amor- 
phous, and  melts  at  40°  to  41",  while  the  distillate,  which  is 
crystalline,  melts  at  36°  to  37°C. 

The  residue  and  the  distillate  from  the  fluid  vaseline  are 
liquids,  the  former  being  as  thick  as  heavy  Russian  oleonaphtha. 
To  ascertain  which  part  of  the  vaseline  changed  from  the  amor- 
phous to  the  crystalline  form,  and  whether  a  change  in  the 
melting  point  is  accompanied  by  a  variation  in  composition, 
Engler  and  Bohm  distilled  solid  vaseline  of  40°  melting  point, 
in  vacuo  to  a  few  drops  of  residue,  obtaining  a  distillate  congeal- 
ing to  a  wax-yellow  solid  which  melted  at  37°C.  After  being 
bleached  with  bone-black,  the  composition  was  found  to  be  85.98 
luid  86  per  cent,  carbon  to  14.10  and  14.16  per  cent,  hydrogen. 
On  congealing  after  fusion,  this  vaseline  contracted  considerably, 
a  property  observed  in  paraffin,  but  not  usually  possessed  by 
vaseline.  Compared  with  solid  vaseline — average  86.25  per 
cent,  of  carbon  and  14.17  per  cent,  of  hydrogen — this  product 
shows  a  not  inappreciable  increase  of  hydrogen,  and  a  slight 
diminution  of  carbon,  which  may  be  explained  by  the  supposi- 
tion that  distillation  separates  portions  richer  in  hydrogen 
from  those  richer  in  carbon  (the  residue),  or  that,  by  a  process  of 
dissociation,  two  sets  of  compounds  are  formed,  one  richer,  the 
other  poorer  in  hydrogen,  Engler  and  Bohm  incline  to  the 
former  opinion,  and  attribute  the  crj'stallization  of  the  hydro- 
carbons to  a  transformation  from  the  amorphous  to  the  crystal- 
line state,  American  vaseline  of  32°  to  33°  melting  point 
similarly  fractionated,  yielded  only  14  per  cent,  of  "sohd  vose- 

» Z.  Berg.;  HSUL-  u.  Salinenwisien,  34  (1876),  42. 
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line,"  of  49°  to  SCC.  melting  point,  the  remainder  being  fluid 
at  ordinary  temperatures. 

Natural  vaseline  is  thus  shown  to  consist  of  a  mixtiu'e  of 
solid  and  fluid  hydrocarbons,  both,  so  far  as  concerns  the  product 
from  Galician  oils,  of  almost  identical  percentage  composition 
and  boiling  point.  These  hydrocarbons  are,  on  the  whole, 
saturated  compounds.  A  drop  of  bromine  added  to  the  fluid 
oils,  or  to  the  solution  of  the  solid  vaseline  in  carbon  bisulphide, 
produces  a  rapid  evolution  of  hydrobromic  acid,  which  would 
not  be  the  case  with  homologues  of  the  ethylene  and  acetylene 
group.  The  presence  or  absence  of  aromatic  hydrocarbons  was 
not  determined.  ,  The  solid  hydrocarbons  are  amorphous  be- 
fore distOlation,  and  it  would  seem  that  no  crystalline  paraffins 
exist,  as  a  rule,  in  crude  petroleum,  but  that  the  solid  members 
of  the  series  are  more  of  the  nature  of  ozokerite. 

It  is  apparent,  from  the  preceding  researches,  that  con- 
siderable differences  exist  between  natural  and  artificial  vaseline, 
the  latter  becoming  more  readily  granular,  and  separating  com- 
paratively easily  into  oil  and  paraffin.  The  viscosity  also  differs, 
as  is  shown  by  the  following  results  obtained  with  Engler'a  ap- 
paratus,' water  being  taken  as  the  unit: 

VlSCOHITT    OF    VaHEMNE 

At4S°C.       At  SOT.  AtBa°C.  Al  IOO»C. 

Natural  American  vasoline,.,.        4,8             3.7  2.1  l.S 

Artificial  Araericnn  vaseline ....        Did  not  flow.  1,5  1.2 

Differences  are  also  observed  in  their  behavior  on  heating  and 
recooling:  natural  vaseline  changing  gradually  from  its  pasty 
consistency  into  a  fluid  of  regularly  decreasing  viscosity,  these 
changes  being  reversed  on  cooling;  while  artificial  vaseline,  after 
becoming  somewhat  softer,  suddenly  assumes  the  condition  of 
a  thin  fluid,  and,  on  recooling,  parts  of  the  solids  separate  out. 

Regarding  the  acids  present  in  vaseline,  those  produced  during 
the  refining  of  the  oil,  such  as  sulphonic  acid,  must  be  dis- 
tinguished from  those  formed  by  the  action  of  the  air,  Engler 
and  Bohra  consider  that  the  best  method  of  preparing  artificial 
vaseline  quite  free  from  acid,  is  that  of  the  "  German  Pharma- 
copceia;"  while  for  natural  vaseline,  the  method  previously 
described,  of  simple  decolorization  of  petroleum  residue  by  bone- 
black,  is  decidedly  preferable  to  any  other. 

»  DingUr-i  polyt.  J.,  308  (188fi),  126. 
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Fresenius^  e3q)erimented  on  the  acidifying  action  of  oxygen  on 
vaseline  by  heating  in  a  glass  tube  4.17  grams  of  natural  vaseline 
(Chesebrough  Manufacturing  Company)  for  15  hr.  at  110°C. 
with  oxygen,  of  which  21.8  c.c.  were  absorbed,  \^hile  4.08  grams 
of  German  "Virginia  vaseline"  absorbed  only  3.2  c.c.  of  oxygen. 
In  the  former  case,  the  subsequent  ethereal  solution  of  the 
oxidized  vaseline  gave  a  decided  reaction,  while  in  the  latter  the 
indication  of  the  presence  of  acid  was  very  slight. 

Since  the  report  of  this  experiment  did  not  indicate  the  amount 
of  acid  produced,  and  did  not  state  whether  the  Virginia  vaseline 
was  prepared  according  to  the  "German  Pharmacopceia,*'  Engler 
and  Bohm  experimented  with  11  to  15  grams  of  vaseline,  which 
were  mixed  with  2  to  3  c.c.  of  water  in  order  that  the  oxidation 
might  be  facilitated  by  the  presence  of  steam,  the  mixture  being 
heated  with  the  proportions  of  oxygen  given  in  the  appended 
table,  in  sealed  glass  tubes  for  24  hr.  at  110°  to  115°C.  The 
quantity  of  oxygen  absorbed  was  measured  by  breaking  the  end 
of  the  tube  under  water,  and  the  acid  in  the  water  which  had  been 
mixed  with  the  vaseline,  and  in  an  ethereal  solution  of  the 
vaseline,   was  determined  by  alcoholic   }/^Q'noTmBl  potassium 


Table  LIV. — Oxidation  op  Vaseline 


Subfltance 


Quantity  employed 


Ueaults 


Vaseline, 

eto^ 

gramB 


Oxygen, 
c.c. 


Oxygen 

absorbed, 

c.c. 


Amount  of  acid 

resulting.     Expressed 

in  KOH 


Mg. 


Weight, 
per  cent. 


Natural  vaseline,  I 

Natural  vaseliue,  II 

Natural  vaseline,  III ... . 

Artificial  vaseline,  I 

Artificial  vaseline,  II 

Artificial  vaseline,  III. . . . 

Lard,  I » 

Lard,  II« 

Vaseline  oil,  I 

Vaseline  oil,  II 

Ceresin 


12.9 
11.6 
14.7 
15.5 
11.7 
14.8 
14.5 
14.9 
12.0 
11.0 
11.4 


59.6 
71.5 
76.3 
74.0 
69.1 
74.7 
71.2 
57.3 
56.7 
56.9 
62.7 


34.9 

46.6 

42.9 

4.6 

4.7 
4.2 
49.8 
42.0 
6.5 
4.1 
3.0 


0.043 
0.078 
0.071 
0.005 
0.006 
0.009 
0.214 
0.264 


» Idem,  236  (1880),  503. 

*  The  acidity  of  the  lards  before  the  experiment  wRvS  taken  into  consider- 
ation in  this  result.     The  vaselines  were  free  from  lard. 
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hydroxide.  The  same  experiment  was  carried  out  with  artificial 
vaselines  (1  part  of  ceresin  mixed  with  3  parts  of  two  kinds  of 
vaseline  oil),  prepared  according  to  the  formula  of  the  ''German 
Pharmacopoeia,"  as  well  as  with  the  component  parts  of  these 
mixtures,  and  with  two  samples  of  lard. 

Two  10-gram  samples  of  the  natural  vaseline  above  referred 
to,  spread  out  on  a  glass  plate  over  an  area  of  16  sq.  cm.,  and  ex- 
posed to  the  air  for  14  days,  near  the  fire  (at  a  temperature  of 
about  30®C.),  yielded  the  following  results,  in  comparison  with 
artificial  vaseline  and  lard  similarly  treated: 


Natural 
vaseline 

Natural 
vaseline 

ArUfidal 
vaseline 

Lard 

Per  cent,  weight  of  acid,  ex- 
pressed in  mg.  of  KOH. . 

I 
0.025 

11 
0.026 

0.015 

0.48 

Warmed  from  40°  to  50°C.  for  2  days  in  a  closed  glass  tube 
containing  air,  the  results  were: 

Natural  vaseline     -     Artificial  vaseline  LIurd 

Oxygen  absorbed ...        2.0  c.c.  1 . 5  c.c.  2 . 3  c.c. 

No  difference  was  observed  when  oxygen  was  substituted  for 
air. 

For  all  purposes  where  lubricating  properties  and  viscosity  at 
somewhat  elevated  temperatures  are  required,  the  natural  vase- 
Une  is  said  to  be  preferable  to  the  artificial;^  but  the  reverse  ap- 
pears to  be  the  case  where  fluidity  at  a  moderate  temperatiure 
is  desired  and  where  an  appreciable  tendency  to  acidification  is 
prejudicial. 

^  For  a  rather  full  account  of  the  '^artificial  vaselines''  which  are  prepared 
by  dissolving  paraffin  in  hot  vaseline  oil  or  heavy  oil  of  the  density  0.850- 
0.860  which  has  been  deodorized  and  decolorized,  see  Girard,  J.  PUr,^  8 
(1903),  619.  On  distinguishing  artificial  and  natural  vaselines,  see  Armani 
and  Mellana,  Qiom.  farm,  chim.,  62,  121. 


In  treatises  of  the  usual  type  devoted  to  petroleum  technology, 
complete  working  drawings,  such  as  will  be  found  in  this  chapter, 
are,  to  say  the  least,  quite  infrequent.  In  fact,  the  authors  of 
handbooks  on  the  petroleum  industry  have  rarely,  if  ever,  pro- 
vided the  refiner  or  refinery  engineer  or  the  student  of  petroleum 
engineering  with  such  drawings  and  specifications  as  will  bo  of 
assistance  to  him  in  the  designing  of  a  plant  for  the  treatment 
of  crude  oil  or  the  rpmodchng  of  an  old  refinery. 

An  attempt  has  been  made  by  the  authors  of  the  present  work 
to  meet  the  existing  demand  for  information  regarding  the 
design,  erection  and  equipment  of  petroleum  refineries.  The 
drawings  included  in  the  following  pages  embody  the  result  of 
the  experience  of  American  experts  in  refinery  engineering. 
The  authors  do  not,  of  coiu'se,  make  a  claim  to  finality  in  pre- 
senting the  various  arrangements  suggested,  but  the  refiner  and 
student  who  famiharizc  themselves  with  the  drawings  and  speci- 
fications are  assured  that  the  practice  which  is  therein  indicated 
has  been  followed  with  success  in  existing  American  petroleum 
refineries.  In  the  nature  of  things  it  is  not  possible  to  furnish 
accounts  of  what  are  still  semi-secret  mechanical  appliances.  It 
is  likewise  out  of  the  question  to  supply  detailed  descriptions  of 
types  of  refinery  plant  which  are  still  in  course  of  development. 
But  it  is  the  hope  of  the  authors  that  the  following  presentment 
of  sound  practice  in  up-to-date  construction  will  be  found  of 
value  by  those  responsible  for  the  management  of  petroleum 
refineries  and  of  interest  to  the  chemical  engineering  profession. 

GENERAL  SPECIFI CATIONS 

It  is  the  experience  of  eastern  refiners  that  a  refinery  capable 
of  handling  10,000  bbl.  of  crude  oil  per  month,  or  400  bbl.  per  day, 
including  the  necessary  pressing,  filtering  and  barreling  houses, 
but  exclusive  of  tank  cars,  costs  $100,000.  For  purposes  of 
estimation,  it  may  therefore  be  stated  that,  according  to  Pemi- 
644 
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sylvania  practice,  the  cost  of  refining  plant  is  about  $20,000 
per  million  gallons  of  crude  oil  put  through  annually. 

The  following  specifications  for  refinery  iron  work  have 
been  contributed  by  W.  R.  Schellhammer,  of  the  Hammond 
Iron  Works,  Warren,  Pa.  These  cover  the  stills,  condensers, 
agitators,  tankage,  bleachers,  blow  cases,  and  filters  required  for 
(1)  a  refinery  at  Eldred,  Pa.,  capable  of  handUng  15,000  bbl. 
of  petroleum  per  month  (see  Fig.  209);  and  (2)  a  refinery  at 
Chanute,  Kan.,  having  a  throughput  of  175,000  bbl.  of  petroleum 
per  month.  The  first-mentioned  was  erected  in  1913,  the  latter 
in  1914. 

1.  Specifications  fob  a  Refinebt  at  Eldred,  Pa. 

Three  Crude  Stills,  10  ft.  by  34  ft. 

Size  and  Style. — ^These  stilb  will  be  of  the  horizontal  type,  ten  feet  in 
diameter  by  thirty^our  feet  long  (10  ft.  by  34  ft.)  in  the  shell. 

General  Construction. — ^The  bottom  of  these  stills  will  be  made  in  one 
solid  plate,  one  hundred  and  eight  inches  (108  in.)  wide,  running  the  full 
length  of  the  still. 

The  upper  part  of  the  shell  will  be  made  in  five  courses  running 
girthwise,  one  sheet  to  each  course  or  ring.  Each  of  the  mainheads 
will  be  made  in  one  solid  plate  and  will  be  dished  outward  and 
flanged-in. 

Dome. — On  the  center  course  of  the  stills  there  will  be  a  dome,  36 
in.  in  diameter  by  36  in.  high;  the  shell  of  the  dome  and  the  head  of  the 
dome  are  each  to  be  made  in  one  plate,  the  dome  head  to  be  dished  up- 
ward and  flanged-in. 

Steel  Plate. — These  stills  will  be  built  throughout  of  the  best  quality 
open-hearth  homogeneous  flange  steel,  with  the  exception  of  the  long 
bottom  plate,  which  is  to  be  made  of  fire-box  steel. 

All  the  steel  entering  into  the  construction  of  these  stills  shall  conform 
to  the  standard  specifications  adopted  by  the  Association  of  American 
Steel  Manufacturers. 

Bottom  of  stills  to  be  of  j^-in.  steel. 
Shell  of  stills  to  be  of  ^-in.  steel. 
Heads  of  stills  to  be  of  "He-^n.  steel. 
Dome  of  stills  to  be  of  ^-in.  steel. 
Dome  head  of  stills  to  be  of  ^-in.  steel. 

Riveting. — These  stills  will  be  punched  for  double  riveting  throughout 
with  5i-in.  diameter  rivets,  with  the  exception  of  the  dome  head,  man- 
hole neck,  flanges,  etc.,  which  will  be  punched  for  single  riveting. 


Fia.  208.— Layout  ot  a  crude  oil  refinery  capable  of  liandlinB  200,000  tons 
of  paratGu-baec  petroleum.     (After  Englcr  and  HGIer.) 
—  "'.  Riip«ir  «hapB.  BJ.  Coopern" 

1.  Add  ftoct  aUuIi  Bior&Be.       A.  Cooper 
et.  B.  DrTing 


4.  OadB  i^  pumi 
&.  Crodg  i^  pumi 

5.  Cenlnl  prabe* 


..   ,__ Jdnc  atiU*. 
1.  CtMklikC  ooolen. 
[.  CrukiBs  dntfltetioa. 
I.  OrMldns  nsdnn. 


I.  Btdlar  toA  tuk  ihop 


P^lrSFrMertoi?.^'"*™ 


Lcbiuktoty. 
Lubrioatinc  oil  refl 
Poinplnc  faouH. 

Petrol  raerrair. 


ppiDI  plaltoi 

54.  PirsSn  plut. 

55.  Gu  motor. 

GO,  ReKfTe  engms. 
67.  Puiap-bouM. 
I>8,  Btoiase. 
SO.  Storuc. 
60.  Swe^DB  room, 
01.  Pump-bouM. 
01.  Refinery. 
03,  FUUds  room. 
S4.  Piekins  room. 
as,  SUpiriBi  room, 
as.  Ntnta  leeei*-' 
S7.  EitrMton. 


I 


71.  Wut«  mer  Una*. 
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All  rivete  muat  completely  fill  the  holes  and  hava  full  heads  conceutrie 
f  TOth  the  body  of  the  rivet,  of  a  height  not  less  than  J^  in. 

The  diameter  of  the  punch  shall  not  exceed  Hs  '^-  "o^  all  holes 
Pmust  be  dean  cut  without  torn  or  ragged  edges.  Rivet  holes  must  be 
accurately  spaced,  the  use  of  drift  pins  being  allowed  only  for  the  pur- 
pose of  bringing  members  together,  and  must  not  be  driven  with  such 
force  as  to  disturb  the  metal  about  the  holes.  All  rivets  are  to  be  of 
first-class  quality  and  make,  confonning  to  the  standard  specifications 
adopted  by  the  Association  of  American  Steel  Manufacturers,  and  are 
to  be  spaced  in  accordance  with  the  best  known  rules  for  this  class 
of  work. 


Fio.  209,— Pelroluum  rcfuiyry  at  Eldred,  Pa. 

Caulking  and  Testing. — All  plates  are  to  be  neatly  and  carefully  bevel- 
sheared  on  a  rotary  beveler  for  outside  caulking,  and  the  corners  are  to  be 
scarfed  so  ns  to  insure  tight  joints  at  the  laps. 

Openings. — On  the  top  of  the  shell  of  these  stills  at  the  back  end,  or 
other  approved  location,  there  will  be  one  20-in.  diameter  caslriron 
still  manhole,  provided  with  cover  complete,  crossbar  and  screw. 
On  the  front  head  of  the  stills,  n-ill  be  a  20-in.  diameter  steel  manhole 
neck,  finishing  at  the  outer  end  with  a  cast-iron  mangle  ring  and  bolted 
cast-iron  cover  secured  with  JJ-in.  diameter  square-shouldered  bolts; 
a  wrought-iron  crane  for  carrying  the  cover  is  also  to  be  furnished  and 
attached  to  the  manhole  neck.     The  neck  is  to  be  made  of  flange  steel 

These  stills  will  be  provided  with  the  following  forged  steel  pipe  flanges, 
all  to  be  taper-threaded  for  standard  pipe  connections  of  the  sizes  given: 
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One  10-in.  flange  located  on  the  top  of  dome. 
Two  4-in.  flanges  located  on  the  top  of  shell. 
One    4-in.  flange  located  on  the  bottom  of  shell,  at  the  back  end. 

If  preferred,  there  will  be  furnished,  instead  of  the  4-in.  flange  ia 
the  back  end  of  the  bottom,  one  4-iD.  diainet«r  cast-iron  outlet  nozzle 
having  a  wrought-iron  rod  extending  up  through  the  shell  of  the  still 
and  passing  through  a  cast-iron  stuffing  box  riveted  on  the  shell  of  still 
tu  line  with  outlet  nozzle  beneath;  to  the  bottom  of  this  tar  plug  outlet 
nozzle  there  will  be  bolted  one  eaafc-iron  flange,  taper-threaded  for  4-in, 
pipe.     The  tar  plug  and  seat  will  be  ground  joint. 

Castings.^For  supporting  the  stills  on  masonry,  there  will  be  furnished 
twelve  heavy  cast-iron  brackets.  These  brackets  are  to  be  cored  for 
I-in.  diameter  rivets. 

General .^These  stills  are  to  be  built  complete  in  the  shop,  tested 
when  full  ot  water,  and  made  absolutely  tight  and  dry.  The  dpme  and 
brackets  are  to  be  shipped  seperately  and  riveted  in  place  at  the 
destination, 

Oue  Steam  Still 

Size  and  Style.— This  steam  still  will  be  of  the  horizontal  type,  ten 
feet  in  diameter' by  thirty-tour  feet  long  (10  ft.  by  34  ft.),  center  to 
center  of  the  rivets  in  the  end  seams. 

General  Construction. — The  shell  of  this  still  will  be  made  in  Ave 
roundabout  courses,  each  84  in.  wide.  Each  end  of  the  still  will  be  made 
of  one  plate  and  will  be  dished  outward  and  flanged-in. 

Steel  Plate. — -The  shell  of  this  still  will  be  built  throughout  of  open- 
hearth  homogeneous  tank  steel,  the  heads  of  the  flange  steel  conforming 
to  the  standard  specifications  adopted  by  the  Association  of  American 
Steel  Manufacturers.  The  shell  of  the  still  is  to  be  made  of  Jg-in.  steel; 
the  heads  of  %-ia.  steel  plate. 

Riveting. — Tills  still  will  be  riveted  throughout  with  3i-in.  diameter 
rivets,  spaced  in  accordance  with  standard  practice.  Girth  Beams  will 
be  single;  horizontal  seams,  double-riveted. 

Caulking  and  Testing. — All  plates  are  to  be  neatly  and  carefully 
sheared  for  caulking  on  the  outside,  and  the  comers  are  to  be  scarfed  to 
insure  tight  joints  at  the  laps. 

The  still  is  to  be  thoroughly  caulked  on  the  outside,  tested  when  full 
of  water,  and  made  absolutely  tight  and  dry. 

Openings.^-On  the  top  of  the  shell  of  this  still,  there  wDl  be  one  20-in. 
diameter  east-iron  manhole,  complete  with  cover,  crossbar  and  screw. 
In  the  front  head  of  the  still,  there  will  be  one  20-in.  diameter  manhole 
neck  with  steel  angle  ring  and  steel  plate  bolted  cover.  Riveted  to  the 
shell  of  the  still  at  an  approved  location  there  will  be  five  6-in-  forged 
steel  flanges.  There  will  also  be  two  3-in.  forged  steel  flanges,  placed 
where  desired  by  the  purchaser. 
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GeneraL — This  still  is  not  to  be  provided  with  brackets.  It  is  to  .be 
built  complete  in  the  shop,  tested  when  full  of  water,  given  one  coat  of 
paint  on  the  outside,  and  shipped  intact. 

Four  Condensers,  40  ft.  by  10  ft.  by  8  ft. 

Size  and  S^le.- — ^These  condensers  will  be  rectangular  in  shape,  forty 
feel  long,  ten  feet  wide  and  eight  feet  deep  (40  ft.  by  10  ft.  by  8  ft.), 
open  top. 

General  Constniction. — Each  condenser  will  be  constructed  in  eight 
courses,  each  5  ft.  wide.  Each  course  is  to  be  made  in  two  plates,  bent 
at  each  lower  edge  to  a  radius  of  4  in.,  so  as  to  form  the  sides  of  the 
condenser. 

Each  end  of  the  condenser  will  be  made  in  two  plates  and  flanged-in. 

Angles  and  Bracing, — For  the  purpose  of  stiffening  each  condenser, 
there  will  be  furnished,  for  around  the  top  on  the  outside,  an  angle  ring 
of  2!^-in.  by  2}^-in.  by  >{ s-in.  steel  angle.  This  angle  will  not  be  welded, 
but  will  have  split  joints  neatly  butted  together  with  covering  shoes. 

For  riveting  to  each  course  of  the  condenser,  there  will  be  two  vertical 
Btiffeners  of  3-in.  by  3-in.  by  %-m.  steel  angles,  eight  to  each  side  set 
opposite  each  other.  For  riveting  to  each  end  of  the  coodeuaer,  there 
will  be  furnished  two  vertical  angles  of  the  same  size. 

For  further  bracing  of  this  condenser,  there  will  be  provided  eight 
braces  of  2-in.  by  J^-in.  steel  bar,  running  crosswise  of  the  condenser 
midway  between  the  top  and  bottom,  with  each  end  punched  for  bolting 
to  the  vertical  angle  irons. 

There  will  also  be  furnished  two  braces  in  each  head,  or  end,  punched 
for  bolting  at  one  end  to  the  vertical  angle  iron  that  is  furnished  for  the 
head,  the  other  end  being  punched  for  riveting  to  the  nearest  end  of  the 
condenser.  Running  crosswise  of  the  condenser,  straight  and  diagonally, 
there  will  be  furnished  a  set  of  braces  of  2)^-in.  by  H""".  flat  steel  bar, 
punched  for  bolting  at  each  end  to  the  top  angle  iron. 

Steel  Plate.— The  steel  plate  used  in  the  shell,  that  is,  the  sides  and 
bottom  of  each  condenser,  will  be  the  best  quality  No.  6  B.W.G.  tank 
steel,  and  that  used  in  the  heads  or  ends  of  the  beat  quality  open-hearth 
homogeneous  fhinge  steel.  No.  6  B.W.G.  All  the  steel  used  in  the  con- 
etmction  will  conform  to  the  standard  specifications  adopted  by  the 
Association  of  American  Steel  Manufacturers. 

Kiveting. — Each  condenser  will  be  riveted  throughout  with  Jg'-in. 
diameter  rivets,  spaced  IH  ''i-  center  to  center,  single-riveted. 

Caulking  and  Testing. — All  the  platos  are  to  be  neatly  and  carefully 
sheared  for  outside  caulking,  and  the  corners  are  to  be  scarfed  so  as  to 
insure  tight  joints  at  the  laps. 

Openings. — There  will  be  furnished  one  4-in,  and  one  2-in.  pipe  flange^ 
which  flanges  are  to  be  of  forged  steel,  straight  threaded. 
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Painting. — On  completion,  the  condensers  are  to  be  tested,  made  ab- 
solutely tight  and  dry,  and  painted  with  one  coat  of  good  mineral  paint 
on  the  outside. 

One  Cooling  Box,  20  ft.  by  6  ft.  by  4  ft. 
One  Cooling  Box,  20  ft.  by  6  ft.  by  6  ft. 

Size  and  Style. — These  boxes  will  be  of  the  rectangular  shape,  one 
twenty  feet  long,  six  feet  wide  and  six  feet  deep  (20  ft.  by  6  ft.  by  6  ft.), 
and  one  twenty  feet  long,  six  feet  wide  and  four  feet  deep  (20  ft.  by 
6  ft.  by  4  ft.).    They  are  to  be  open  top. 

General  Construction. — These  boxes  will  be  constructed  in  four  courses, 
each  5  ft.  wide.  Each  course  is  to  be  made  in  two  plates,  bent  at  each 
lower  edge  to  a  radius  of  6  in.,  so  as  to  form  the  sides.  Each  end  of  the 
boxes  will  be  made  in  one  solid  plate,  flanged-in. 

Angles  and  Bracing. — For  the  purpose  of  stiffening  these  boxes,  there 
will  be  riveted  around  the  top  of  the  outside  an  angle  2)^  in.  by  2J^  in. 
by  Jf  a  in.  It  will  not  be  welded  but  will  have  split  joints  neatly  fitted 
together  with  covering  shoes.  Riveted  to  each  course  of  the  boxes 
there  will  be  vertical  stiffeners  of  3-in.  by  3-in.  by  J^-in.  angle,  set  oppo- 
site each  other.  Riveted  to  each  end  of  the  boxes  there  will  be  two 
vertical  angles  of  the  same  size. 

The  boxes  will  be  further  braced  by  a  2-in.  by  yi-m,  steel  bar  running 
crosswise,  each  end  bolted  to  the  vertical  angle  irons.  There  will  also 
be  two  braces  in  each  head,  bolted  at  one  end  to  the  vertical  angle  iron 
that  is  riveted  to  the  head  and  the  other  end  to  the  nearest  end  of  the 
boxes. 

Steel  Plate. — The  steel  plate  used  in  these  boxes  will  be  Ji  in.,  weigh- 
ing 10.2  lb.  to  the  square  foot  throughout.  The  shell  proper  is  to  be  of 
tank  quality  and  the  head  of  flange-quality  steel  plate.  All  plate,  angles 
and  rivets  are  to  conform  to  the  standard  speciflcations  adopted  by  the 
Association  of  American  Steel  Manufacturers. 

Riveting. — ^These  boxes  will  be  single-riveted  throughout  with  ?^-in. 
diameter  rivets,  spaced  1  Ji  in.  center  to  center. 

Caulking  and  Testing. — ^All  plates  are  to  be  neatly  and  carefully 
sheared  for  outside  caulking,  and  the  comers  are  to  be  scarfed  so  as 
to  insure  tight  joints  at  the  laps.  These  boxes  will  be  caulked  on  the 
outside,  tested  when  full  of  water,  and  made  absolutely  tight  and  dry. 

Openings. — ^Riveted  to  these  boxes  at  approved  locations,  there  will 
be  furnished  the  necessary  pipe  flanges,  which  are  to  be  of  forged  steel, 
taper-threaded. 

Painting. — ^After  completion,  these  boxes  will  be  painted  with  one  coat 
of  graphite  paint  on  the  outside. 

One  500-bbl.  Agitator 

Size  and  Style. — This  agitator  will  be  of  the  vertical  tyjKj,  closed  top, 
fifteen  feet  in  diameter  by  twenty-five  feet  high  (15  ft.  by  25  ft.). 
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General  Constructioii. — ^The  shell  of  this  agitator  will  be  made  in 
four  courses  of  about  seventy-five  inches  (75  in.)  wide  each,  center  to 
center  of  rivets.  Located  in  the  second  ring  and  extending  vertically 
about  60  in.,  there  will  be  a  cone,  with  its  outer  edge  riveted  to  the  shell 
of  the  agitator,  and  finishing  at  the  center  with  a  circular  cap  piece  of 
about  24  in.  diameter.  In  the  skirt  of  the  agitator,  or  that  portion 
beneath  the  cone,  there  will  be  cut  a  doorway  with  a  surrounding  2  J^-in. 
by  2H-in.  by  Jf  e-in.  angle  frame.  Around  the  top  of  the  agitator,  on 
the  outside,  there  will  be  riveted  a  ring  of  2-in.  by  2-in.  by  H'^-  steel 
angle;  at  the  base  on  the  outside  will  be  an  angle  ring  of  3  in.  by  3  in.  by 

Steel  Plate. — ^The  cone  of  the  agitator  will  be  made  of  J^-in.  flange 
steel;  the  first  three  rings  are  to  be  of  H^-in.  tank  steel,  the  balance  of 
yi'ia.  tank  steel.  All  of  the  steel  plate  used  in  this  agitator  is  to  conform 
to  the  standard  specifications  adopted  by  the  Association  of  American 
Steel  Manufacturers. 

Riveting. — The  vertical  seams  of  the  shell  will  be  single-riveted  with 
Jg-in.  diameter  rivets,  2-in.  pitch;  the  girth  seams  of  the  first  three  rings 
with  single  %-in.  rivets,  2-in.  pitch.  Where  the  cone  is  to  be  riveted 
to  the  shell  of  the  agitator  there  will  be  a  row  of  double  J^-in.  diameter 
rivets,  spaced  2^  in.  center  to  center. 

Openings. — ^This  agitator  will  be  supplied  with  a  4-in.  cast-iron  nozzle 
with  companion  flange,  riveted  to  the  cap  piece  at  the  base  of  the  cone. 

Roof. — This  agitator  is  to  be  pro\'ided  with  a  glove  roof  of  No.  10 
steel.  Three  flapper  manholes  are  provided  in  the  roof,  equally  spaced 
around  the  circumference,  about  12  in.  in  from  the  edge  of  the  tank.  A 
balcony,  with  a  wood  floor  supported  by  six  angle  iron  brackets  and  angle 
railing,  is  pro\'idcd,  also  a  circular  steel  stairway. 

General. — This  agitator  is  not  to  be  provided  with  a  lead  lining.  It 
is  to  be  erected  complete  on  foundations,  tested  when  full  of  water,  and 
painted  with  one  coat  of  approved  paint  on  the  outside.  No  guarantee 
is  made  that  the  agitator  will  remain  absolutely  tight  for  constant  or  inter- 
mittent use  in  the  treatment  of  oils  with  sulphuric  acid. 

Six  Tanks,  6  ft.  by  6  ft..  Open  Top 

These  tanks  are  to  be  of  the  vertical,  cylindrical  type,  6  ft.  in  diameter 
by  6  ft.  high,  open  top,  and  are  to  be  made  of  Jf  e-i^-  steel  plate  through- 
out; the  top  angle  is  to  be  2  in.  by  2  in.  by  Ji  in.  There  is  to  be  no  angle 
iron  in  the  bottom,  which  is  to  be  flanged. 

These  tanks  are  to  be  riveted  with  3^-in.  diameter  rivets  throughout, 
single-rivotcd  and  spaced  1}4  ^^'  center  to  center.  They  are  to  be  pro- 
vided with  the  necessary  flanges. 

All  are  to  be  built  complete  in  the  shop,  tested  when  full  of  water. 
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made  abeotutely  tight  and  dry,  given  one  coat  of  paint  on  the  outaide, 
and  shipped  intact. 

Two  Tanks,  10  ft.  by  6  ft. 

Size  and  Style. — These  tanks  will  be  of  the  vertical,  cylindrical  type, 
ten  feet  in  diameter  by  six  feet  high  (10  ft.  by  6  ft.),  each  having  a 
Dominal  capacity  of  about  80  bbl.,  more  or  less,  rated  at  42  gal.  per 

Bottom  and  ShelL — The  bottom  of  each  tank  will  be  made  by  using  two 
sketcli  plates,  trimmed  to  conform  to  the  circumference  of  the  bottom  ■ 
angle. 

The  shell  will  be  constructed  in  one  ring  or  course,  6  ft.  wide, 

Material.^ — -Bach  tank  wilt  be  built  throughout  of  first^lafis  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Association  of 
American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used  in  this  tank: 
Bottom  sketch  plates  of  Jja-in.  plate,  weighing  7,65  lb.  per  square  foot. 
Firet  ring  of  ahell  of         Jie-in.  plate,  weighing  7.65  lb.  per  square  foot. 

Angles. — The  shell  of  each  tank  will  be  joiued  to  the  bottom  by  means 
of  an  angle  ring  of  2-in.  by  2-in.  by  H-ia.  steel  angle,  to  which  the  shell 
and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside 
of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  outside, 
there  will  be  an  angle  ring  of  2-in.  by  2-in.  by  Ji-in.  steel  angle.  There 
will  be  DO  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking. — The  plates  in  the  shell  of  these  tanks  will  be 
bevel-sheared  and  caulked  on  the  outaide,  and  the  bottom  plates  bevel- 
sheared  and  caulked  on  the  inside;  the  angles  will  not  be  beveled.  All 
caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  ring  of  these  tanks  are  to  be  fittedup  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and,  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle  are 
to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry  to  the 
acceptance  of  a  representative,  which  test  shall  be  final  and  conclusive  as 
far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive,  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting. — After  completion,  each  tank  is  to  be  painted  one  coat  on 
the  outside  with  a  first-class  quality  graphite  paint. 

Openings. — Each  tank  will  also  be  provided  with  the  following  forged 
steel-pipe  flanges,  threaded  for  standard  pipe  connection,  or  their 
monetary  equivalent,  and  located  where  purchaser  directs: 
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Two  threaded  for  2-in.j)ipe,  taper-threaded,  unless  otherwise  noted. 

Roof. — These  tanks  are  not  to  be  provided  with  roofs. 

Riveting. — The  bottom  of  each  tank  is  to  be  single-riveted  with  Jg-in. 
diameter  rivets.  The  bottom  angle  is  to  be  single-riveted  to  the  bottom 
and  to  the  shell  with  9i-in.  diameter  rivets. 

All  girth  seams  are  to  be  single,  while  all  vertical  seams  are  to  be 
double-riveted,  spaced  lyi'm.  center  to  center. 

(xeneraL — ^In  general,  these  tanks  are  to  be  built  in  a  first-class  work- 
manlike manner  throughout,  and  the  work  will  be  open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  field  and  in  the  shop. 

Four  Tanks,  9  ft.  by  8  ft. 

Size  and  Style. — ^These  tanks  will  be  of  the  vertical,  cylindrical  type, 
nine  feet  in  diameter  by  eight  feet  high  (9  ft.  by  8  ft.),  each  having  a 
nominal  capacity  of  about  100  bbl.,  more  or  less,  rat«d  at  42  gal.  per 
barrel. 

Bottom  and  Shell. — ^The  bottom  of  each  tank  will  be  made  by  using 
two  sketch  plates,  trimmed  to  conform  to  the  circumference  of  the 
bottom  angle. 

The  shell  will  be  constructed  in  one  ring  or  course,  8  ft.  wide. 

MatexiaL — ^Thase  tanks  will  be  built  throughout  of  first-class  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Association 
of  American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used: 

Bottom  sketch  plates  of  Jfe-in.  plate,  weigbin^  7.65  lb.  per  square  f(K)t. 
First  ring  of  shell  of         Ke-in-  plate,  weighing  7.65  lb.  per  square  foot. 

Angles. — ^The  shell  of  each  tank  will  be  joined  to  the  bottom  by 
means  of  an  angle  ring  of  2-in.  by  2-in.  by  Ji-in.  steel  angle,  to  which 
the  shell  and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be 
on  inside  of  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the 
outside,  there  will  be  an  angle  ring  of  2-in.  by  2-in.  by  Ji-in.  st«el 
angle.    There  will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking. — The  plates  in  the  shells  of  these  tanks  will 
be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be  beveled. 
All  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up 
on  horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and 
before  lowering  to  the  permanent  foundation,  the  bottom  and  bottom 
angle  are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight 
and  dry  to  the  acceptance  of  a  representative,  which  test  shall  bo  final 
and  conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned. 
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Upon  completion,  the  shell  is  to  be  tested  when  full  of  water  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting. — ^Af  ter  completion,  each  tank  is  to  be  painted  one  coat  on  the 
outside  with  a  first-class  quality  graphite  paint. 

Openings. — ^Each  tank  will  be  provided  with  the  following  forged  steel 
pipe  flanges,  threaded  for  standard  pipe  connection,  or  their  monetary 
equivalent,  and  located  where  the  purchaser  directs: 

Two  threaded  for  2-in.  pipe,  all  flanges  to  be  taper-threaded  unless 
otherwise  noted. 

Roof. — These  tanks  are  not  to  be  provided  with  roofs. 

Riveting. — The  bottom  of  each  tank  is  to  be  single-riveted  with  ^-in. 
diameter  rivets.  The  bottom  angle  is  to  be  single-riveted  to  the  bottom 
with  J^-in.  diameter  rivets  and  single-riveted  to  the  shell  with  J^-in. 
diameter  rivets.  All  girth  seams  are  to  be  single  and  all  vertical  seams 
single-riveted,  spaced  1^  in.  center  to  center. 

GeneraL — In  general,  these  tanks  are  to  be  built  in  a  first-class  work- 
manlike manner  throughout,  and  th%  work  will  be  open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 

Three  Tanks,  15  ft.  by  10  ft. 

Size  and  Style. — ^These  tanks  will  be  of  the  vertical,  cylindrical  type, 
fifteen  feet  in  diameter  by  ten  feet  high  (15  ft.  by  10  ft.),  each  having 
a  nominal  capacity  of  about  300  bbl.,  more  or  less,  rated  at  42  gal.  per 
barrel. 

,  Bottom  and  Shell. — ^The  bottom  of  each  tank  will  bo  made  by  using  as 
many  rectangular  plates  as  practical,  about  5  ft.  by  20  ft.,  finishing  at  the 
outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circumference 
of  the  bottom  angle. 

The  shell  will  be  constructed  in  two  rings  or  courses,  each  about  5  ft. 
wide. 

Material. — ^Each  tank  will  be  built  throughout  of  first-class  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accordance 
with  their  respective  specifications  as  adopted  by  the  Association  of 
American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used: 

Bottom  rect.  plates  of  He'i^*  plate,  weighing  7.32  lb.  per  square  foot. 
Bottom  sketch  plates  of  He-^'  plate,  weighing  7.32  lb.  per  square  foot. 
First  ring  of  shell  of  ^e-in.  plate,  weighing  7.32  lb.  per  square  foot. 
Second  ring  of  shell  of     ^e-i^*  plate,  weighing  7.32  lb.  per  square  foot. 

Angles. — The  shell  of  each  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  2)^-in.  by  2J^-in.  by  Ke-in.  steel  angle,  to  which  the 


shell  and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  inside 
o{  she)!.  Around  the  top  of  the  shell  of  each  tsok,  on  the  outside, 
there  will  be  an  angle  ring  of  2-in.  by  2-in.  by  H-id.  steel  angle.  There 
will  be  no  inside  top  angle  unless  expresaly  stipulRted. 

Shearing  and  C&uUdng. — The  plates  in  the  shell  of  these  tanks  will 
be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be  beveled. 
All  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and,  be- 
fore lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle 
are  to  be  tested  by  filling  n-ith  6  m.  of  water  and  caulked  tight  and  dry 
to  the  acceptance  of  a  representative,  which  test  shall  be  final  and 
conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned.  Upon 
completion,  the  shell  is  to  be  tested  when  full  of  water  and  caulked  tight 
and  dry  in  the  presence  of  a  representative,  who  is  to  accept  same  from 
the  foreman  in  charge  of  the  work  by  a  written  letter  of  acceptance  to 
him.  This  inspection  and  acceptance  is  to  be  final  and  conclusive  and 
is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting. — After  completion,  each  tank  is  to  be  painted  one  coat  on 
the  outside  with  a  first-class  quality  graphite  paint. 

Openings,— In  the  first  ring  of  the  shell  of  each  tank  there  is  to  be  one 
cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
cast-iron  bolted  cover  complete.  This  tank  will  also  be  provided  with 
the  following  forged  steel  pipe  flanges,  threaded  for  standard  pipe 
connection,  or  their  monetary  eqiiivalent,  and  located  where  the  pui^ 
chaser  directs: 

Two  threaded  for  3-in,  pipe;  two  threaded  for  2-in.  pipe,  all  flanges 
to  be  taper-threaded  unless  otherwise  noted, 

Roof, — These  tanks  are  not  to  be  provided  with  roofs. 

Kivetlng. — The  bottom  of  each  tank  is  to  be  si ngle-ri voted  with 
J^-in.  diameter  rivets.  The  bottom  angle  is  to  be  single-riveted  to  the 
bottom  and  to  the  shell  with  Jg-in.  diameter  rivets.  The  M-in.  diameter 
rivets  are  to  be  spaced  IJ^  in.,  center  to  center. 

General. — In  general,  each  tank  is  to  be  built  in  a  first-class  work-  . 
manlike  manner  tlu^ughout,  and  the  work  will  be  open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 

0n6  Tank,  16  ft.  by  10  ft.,  Cone  Roof 

Size  and  Style. — This  tank  will  be  of  the  vertical,  cylindrical  type, 

fifteen  feet  in  diameter  by  ten  feet  high  (15  ft.  by  10  ft.),  having  a  nom- 
inal capacity  of  about  300  bbl.,  more  or  less,  rated  at  42  gal.  per  barrel. 
Bottom  and  ShelL — The  bottom  of  this  tank  will  be  made  by  using 
as  many  rectangular  plates  as  practical,  about  5  ft.  by  20  ft,,  finishing 
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at  the  outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circum- 
fereacc  of  the  bottom  angle. 
The  shell  will  be  constructed  in  two  rings  or  courses,  each  about  5  ft. 

Material. — This  tank  will  be  built  throughout  of  first-class  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Association 
of  American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used  in  this  tank: 

Bottom  rect.  plat«a  of     Hg-in.  plate,  weighing  7.32  lb.  per  square  foot.  I 

Bottom  sketch  plains  of  Jio-in.  plate,  weighing  7.32  lb.  per  square  foot, 
Firet  ring  of  shell  of  f^e-'n.  plate,  weighing  7.32  lb.  per  square  foot. 
Second  ring  of  shell  of      Sie-i"'  plate,  weighing  7.32  lb.  per  square  foot. 

Angles. — The  shell  of  this  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  2}S-in.  by  Z^-in.  by  Jie-'ti-  steel  angle,  to  which  the 
shell  and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the 
inside  of  shell.  Around  the  top  of  the  shell  of  the  tank  on  the  outside, 
there  will  be  an  angle  ring  of  2-in.  by  2-in.  by  Ji-in.  steel  angle.  There 
will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  CauUdng.— The  plates  in  the  shell  and  roof  of  this  tank 
will  be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plat«B 
will  be  bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.    Alt  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  rmg  of  this  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle 
are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry 
to  the  acceptancfl  of  a  representative,  which  test  shall  be  final  and 
conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  ia  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  written  letter  of 
acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting.— After  completion,  this  tank  is  to  be  painted  one  coat  on 
the  outside  with  a  first-class  quality  graphite  paint. 

Openings.— In  the  first  ring  of  the  shell  of  this  tank  there  is  to  be  one 
ea-^t-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
ca.st-iron  bolted  cover  complete.  This  tank  will  also  be  provided  with 
the  following  forged  steel  pipe  flanges,  threaded  for  standard  pipe  con- 
nection, or  their  monetary  equivalent,  and  located  where  purchaser 
direct-s; 

Two  threaded  for  3-iQ.  pipe;  two  ttireaded  for  2-in.  pipe,  all  flanges 
to  be  taper-threaded  unless  otherwise  noted. 
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Roof. — This  tank  is  to  be  provided  with  a  steel  roof  of  the  conical 
type  of  No.  10  steel  piate,  supported  by  a  pipe  column  and  8upplied  with 
a  2ft-in.  diameter  wrought-steel  hinged  manhole. 

Riveting.— The  bottom  of  this  tank  is  to  be  single-riveted  with  H-in. 
diameter  rivets.  The  bottom  angle  is  to  be  aingle-riveted  to  the  bottom 
and  to  the  shell  with  ?^-in.  diameter  riveta.  The  *fi-in.  diameter  rivets 
are  to  be  spaced  1>^  in.,  center  to  center. 

GeneraL — In  general,  this  tank  is  to  be  built  in  a  first-class  workman- 
like manner  throughout;  and  the  work  will  be  open  at  any.  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 

Fifteen  Tanks,  20  ft.  by  10  ft. 

Size  and  Style. — These  tanks  will  be  of  the  vertical,  cylindrical  type, 
twenty  feet  in  diameter  by  ten  feet  high  (20  ft.  by  10  ft.),  each  having 
a  nominal  capacity  of  about  500  bbl.,  more  or  less,  rated  at  42  gal.  per 
barrel. 

Bottom  and  Shell.— The  bottom  of  each  tank  will  be  made  by  using 
as  many  rectangular  plates  as  practical,  about  5  ft.  by  20  ft.,  finishitig  at 
the  outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circum- 
ference of  the  bottom  angle. 

The  shell  will  be  constructed  in  two  rings  or  courses,  each  5  ft.  wide. 

Material — -Each  tank  will  be  built  throughout  of  firstr^ilass  quality 
open-hearth  tank  steel,  all  tbe  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Association 
of  American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used: 

Bottom  rect.  plates  of  No.  7  plate,  weighing  7.32  lb.  per  square  foot. 
Bottom  sketch  plates  of  No.  7  plate,  weighing  7,32  lb.  per  square  Coot. 
Fint  ring  of  aheil  of  No.  7  plat*,  weighing  7.32  lb.  per  square  foot- 
Second  ring  of  shell  of     No.  7  plate,  weighing  7.32  lb.  per  square  Coot. 

Angles. — The  shell  of  each  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  2^-m.  by  2>S-in.  by  Jia-in.  steel  angle,  to  which  the 
shell  and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the 
inside  of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  out- 
side, there  will  be  an  angle  ring  of  2H-in.  by  2H-in.  by  Ke-in-  8t«el 
angle.     There  will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  CauUdng.- T  he  plates  in  the  shell  and  roof  of  each  tank 
wUl  be  bcvel-shearcd  and  caulked  on  the  outside,  and  the  bottom  plates 
will  lie  bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.    AH  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up 
on  horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and 
before  lowering  to  the  permanent  foundation,  the  bottom  and  bottom 
angle  are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and 
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dry  to  the  acceptance  of  a  representative,  which  test  shall  be  final 
and  conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting. — After  completion,  each  tank  is  to  be  painted  one  coat  on  the 
outside  with  a  first-Hslass  quality  graphite  paint. 

Openings. — ^In  the  first  ring  of  the  shell  of  each  tank  there  is  to  be 
one  cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with 
a  cast-iron  bolted  cover  complete..  This  tank  will  also  be  provided  with 
the  following  forged  steel  pipe  flanges,  threaded  for  standard  pipe  con- 
nection, or  their  monetary  equivalent,  and  located  where  the  purchaser 
directs: 

Two  threaded  for  3-in.  pipe;  two  threaded  for  2-in.  pipe,  all  flanges 
to  be  taper-threaded  unless  otherwise  noted. 

Roof. — ^Each  tank  is  to  be  provided  with  a  wooden  roof  made  of 
timbers  and  rafters  of  standard  construction.  The  roof  proper  is  to  be 
of  what  is  known  commercially  as  1-in.  sheathing  boards,  one  layer  of 
builder's  felt,  and  a  top  cover  of  No.  24  steel  sheets.  The  sheets  are  to 
be  painted  on  the  under  side  before  laying.  The  roof  is  to  be  provided 
with  one  hatchway  of  standard  dimensions. 

Riveting. — The  bottom  of  each  tank  is  to  be  single-riveted  with  Jg-in. 
diameter  rivets.  The  bottom  angle  is  to  be  single-riveted  to  the  bottom 
and  to  the  shell  with  %-in.  diameter  rivets.  All  vertical  seams  are 
to  be  single,  all  girth  seams  single-riveted.  The  spacing  of  the  rivets 
is  to  be  IJi  in.,  center  to  center. 

Ladder. — ^A  steel  ladder  of  approved  design  is  to  be  supplied,  running 
full  height  of  each  tank  on  the  outside,  neatly  fitted  opposite  the  manhole 
opening  in  roof. 

General. — In  general,  each  tank  is  to  be  built  in  a  first-class  workman- 
like manner  throughout,  and  the  work  will  be  open  at  any  and  all  reason- 
able times  to  inspection,  both  in  the  shop  and  field. 

Nine  3,000-bbl.  Tanks 

Size  and  Style. — These  tanks  will  be  of  the  vertical,  cylindrical  type, 
thirty  feet  in  diameter  by  twenty-five  feet  high  (30  ft.  by  25  ft.),  each 
having  a  nominal  capacity  of  about  3,000  bbl.,  more  or  less,  rated  at 
42  gal.  per  barrel. 

Bottom  and  Shell. — The  bottom  of  each  tank  will  be  made  by  using  as 
many  rectangular  plates  as  practical,  about  6  ft.  by  20  ft.,  finishing  at  the 
outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circumference 
of  the  bottom  angle. 

The  shell  will  be  constructed  in  five  rings  or  courses,  each  5  ft.  wide. 
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Material.— Eacli  tank  will  be  built  throughout  of  firat^laas  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  t-o  be  in  accord- 
ance with  their  respective  apeciftcationa  a^  adopted  by  the  Association 
of  American  Steel  Manufacturers, 

Thickoeases  of  plate  to  be  used: 

Bottom  rect,  plates  of  No.  7  plate,  peigliing  7,32  lb.  per  square  toot. 
Bottom  sketch  plates  of  No.  7  plate,  weighing  7.33  lb.  per  square  foot. 

First  ring  of  shell  of  No.  5  plate,  weighing  S.75  lb.  per  square  foot. 

Sevoad  ring  of  shell  of  No.  6  plate,  weighing  B.2Q  lb.  per  square  foot. 

Third  ring  of  shell  of  No.  7  pUle,  weighing  7.32  lb.  per  square  toot. 

Fourth  ring  of  shell  of  No.  7  plate,  weighing  7,32  lb.  per  square  toot. 

Fifth  ring  of  shell  of  No.  7  plate,  weigliing  7.32  lb.  per  square  toot. 

Angles.— The  shell  of  each  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  2M-in.  by  2>S-in,  by  Jf  g-in.  steel  angle,  to  which  the 
shell  and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the 
inside  of  the  sbelL  Around  the  top  of  the  shell  of  the  tank  on  the  outr- 
side  there  will  be  an  angle  ring  of  2;^-in.  by  2?-^-in.  by  fis-in.  steel 
angle.     There  will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking. — The  plates  in  the  shell  and  roof  of  each  tank 
will  bo  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
will  be  bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.    All  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  Ijottom  angle  are 
to  be  tested  by  filling  with  0  in.  of  water,  and  caulked  tight  and  dry  to  the 
acceptance  of  a  representative,  which  test  shall  be  final  and  conclusive 
as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and  caulked 
tight  and  dry  in  the  presence  of  a  representative,  who  is  to  accept 
same  from  the  foreman  in  charge  of  the  work  by  written  letter  of  accept- 
ance to  hitn.  This  inspection  and  acceptance  is  to  be  final  and  conclusive 
and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting, — After  completion,  each  tank  is  to  be  painted  one  coat  on  the 
outside  with  a  first-elass  quality  graphite  paint. 

Openings. — In  the  first  ring  of  the  shell  of  each  tank  there  is  to  be  one 
cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
cast-iron  bolted  cover  complete.  This  tank  will  also  be  provided  with 
the  following  forged  steel  pipe  flanges,  threaded  for  standard  pipe  con- 
nection, or  their  monetary  equivalent,  and  located  where  purchaser 
directs: 

Two  threaded  for  3-in.  pipe;  two  threaded  for  2-in.  pipe,  all  flanges 
to  be  taper-threaded  unless  otherwise  noted. 

Roof. — Each  tank  is  to  be  provided  with  a  wooden  roof  made  of 
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timbers  and  raiters  of  standard  construction.  The  roof  proper  ia  t4>  be 
of  what  is  known  commercially  as  1-in.  sheathing  boards,  one  layer  of 
builder's  felt,  and  a  top  cover  of  No.  24  steel  sheets.  The  sheets  are  to 
be  painted  on  the  under  side  before  laying.  This  roof  is  to  be  provided 
with  one  hatchway  of  standard  dimensions. 

Riveting. — The  bottom  of  each  tank  is  to  be  eingle-riveted  with  J^-in. 
diameter  rivets.  The  bottom  angle  is  to  be  aingle-riveted  to  the  bottom 
and  to  the  shell  with  ?i-in.  diameter  rivets.  All  vertical  seams  are  to 
tjc  single  and  all  girth  seams  double-riveted.  Spacing  of  the  rivets  is 
to  be  \yi  in.,  center  to  center. 

Ladder. — -A  steel  ladder  of  approved  design  is  to  be  supplied,  running 
the  full  height  of  each  tank  on  the  outside,  neatly  fitted  opposite  the 
manhole  opening  in  the  roof. 

General.^In  general,  each  tank  is  to  be  built  in  a  first-class  workman- 
like manner  throughout,  and  the  work  will  be  open  at  any  and  all  rea- 
sonable times  to  inspection,  both  in  the  shop  and  field. 

One  Acid  Tank,  10  ft.  by  10  ft. 

This  tank  is  to  be  of  the  vertical  cylindrical  type  with  globe  roof  and 
flat  bottom.  It  is  to  be  made  throughout  of  Js-i"-  steel  plate.  The  shell 
plates  are  to  run  vertically. 

There  is  to  be  no  angle  iron  used  in  its  construction,  and  it  is  to  be 
designed  to  eliminate  as  many  rivet  seams  as  is  practicable. 

It  is  to  be  provided  with  a  tar  plug  and  stuffing  box;  the  tar  plug  is 
to  have  a  ground  seat  and  is  to  be  operated  with  a  lever.  The  tank  is 
to  be  pro\'ided  with  additional  flanges  to  suit  the  purchaser's  require- 
ments, and  it  is  to  bo  riveted  throughout  with  %-m.  diameter  rivets. 

This  tank  is  to  be  built  complete  in  the  shop,  tested  when  full  of  water, 
given  one  coat  of  paint  on  the  outside,  and  shipped  intact. 

Two  Bleachers,  30  ft.  by  8  ft. 

Size  and  Style. — These  tanks  will  be  of  the  vertical,  cylindrical  type, 
thirty  feet  in  diameter  by  eight  feet  high  (30  ft.  by  8  ft.),  each  haring  a 
nominal  capacity  of  about  1,000  bbl.,  more  or  less,  rated  at  42  gat.  per 
barrel. 

Bottom  and  Shell. — The  bottom  of  each  tank  will  be  made  by  using  as 
many  rectangular  plates  as  practical,  about  5  ft.  by  20  ft.,  finishing  at 
the  outer  edge  with  sketch  plat«s  trimmed  to  conform  to  the  circum- 
ference of  the  bottom  angle. 

The  shell  will  be  constructed  in  one  ring  or  course,  eight  feet  (8 
ft.)  wide. 

MateriaL— Each  tank  will  be  built  throughout  of  first-claas  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Aseociation 
of  American  Steel  Manuf.icturer3. 


ThickoesseB  of  plate  to  be  used: 

Bottom  rect,  pUtee  of  KB-i"-  plate,  weighing  7.32  lb.  per  square  foot. 
Bottom  sketch  platca  of  Hb-'"-  plate,  weighing  7.32  lb.  per  Hquare  foot. 
First  ring  of  shell  of        He-'°-  plate,  weighing  7.32  lb.  per  square  foot. 

Angles. — The  shell  of  each  tank  will  be  joined  to  the  bottom  by  meaaa 
of  an  angle  ring  of  2li-in.  by  2^-ui.  by  Ks-in-  steel  angle,  to  which  the 
shell  and  bottom  will  each  be  riveted;  the  bottom  angle  ia  to  be  kept  on 
the  inside  of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the 
outside,  there  will  be  an  angle  ring  of  a  2J^-in.  by  2^-in.  by  Jf«-in- 
st«el  angle.     There  will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking, — The  plates  in  the  shell  and  roof  of  each  tank 
will  be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
will  he  bcvel-shcared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.     All  caulking  ia  to  be  done  in  a  careful  workmanlike  manner. 

Testing, ^The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up 
on  horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and 
before  lowering  to  the  permanent  foundation,  the  bottom  and  bottom 
angle  are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight 
and  dry  to  the  acceptance  of  a  representative,  which  test  shall  be 
final  and  conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  t«  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting. — After  completion,  each  tank  ia  to  be  painted  one  coat 
on  the  outside  with  a  first-clase  quality  graphite  paint. 

Openings. — In  the  first  ring  of  the  shell  of  each  tank  there  is  to  be  one 
caet-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
caet^iron  bolted  cover  complete.  This  tank  will  also  be  provided  with 
the  following  forged  steel  pipe  flanges,  threaded  for  standard  pipe  con- 
nection, or  their  monetary  equivalent,  and  located  where  purchaser 
directs; 

Two  threaded  tor  3-in.  pipe;  and  two  threaded  for  2-in.  pipe,  all  flanges 
to  be  taper-threaded  unless  otherwise  noted. 

Roof.— Each  tank  is  to  be  provided  with  a  wooden  roof  made  of 
timbers  and  rafters.  The  roof  proper  ia  to  l>e  of  what  is  known  com- 
mercially as  1-in,  sheathing  boar<U  covered  with  one  layer  of  builder's 
felt  and  a  top  cover  of  No.  24  steel  sheets.  The  under  side  of  the  steel 
sheets  is  to  be  given  one  coat  of  paint  before  laying.  The  roof  is  to  be 
provided  with  four  hatchways,  about  30  in.  by  72  in. 

Riveting. — The  bottom  of  each  tank  is  to  be  single-riveted  with 
%-m.  diameter  rivets.  The  bottom  angle  is  to  be  riveted  to  the  bottom 
and  single-riveted  to  the  shell  with  Ji-in.  diameter  rivets.     All  girth 
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seams  and  all  vertical  seams  are  to  be  single.    The  spacing  of  the  rivets 
is  to  be  l}i  in.,  center  to  center. 

GeneraL — ^In  general,  each  tank  is  to  be  built  in  a  first-class  work- 
manlike manner  throughout,  and  the  work  will  be  open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 

Two  Blow  Cases 

These  drums,  or  blow  cases,  are  to  be  of  the  horizontal  cylindrical 
style,  thirty  inches  in  diameter  by  forty-eight*^  inches  deep  (30  in.  by 
48  in.).  They  are  to  be  made  throughout  of  ^e-in*  steel  plate.  The 
heads  are  to  be  dished. 

^  These  cases  are  tOybe  provided  with  two  2-in.  wrought  steel  flanges, 
or  their  equivalent,  to  be  placed  where  required.  They  are  to  be  built 
complete  in  the  shop,  tested  when  full  of  water,  made  absolutely  tight 
and  dry,  and  given  one  coat  of  paint  on  the  outside. 

Ten  Filters,  7  ft.  by  12  ft. 

Size  and  Style. — These  filters  will  be  of  the  vertical  cylindrical  type, 
closed  top  and  bottom,  seven  feet  in  diameter  by  twelve  feet  high  (7  ft. 
by  12  ft.). 

General  Construction. — ^The  shell  of  these  filters  will  be  made  in 
three  equal  rings,  two  plates  to  the  ring.  The  heads  are  to  be  made  of 
one  soUd  plate  each,  dished  and  flanged.  The  dishing  is  to  be  made  on 
the  9-ft.  radius. 

Steel  Plate. — The  shell  of  these  filters  is  to  be  of  H'^-  steel  plate, 
and  the  heads  of  ^e-^*  All  steel  plate  used  in  these  filters  is  to  con- 
form to  the  standard  specifications  adopted  by  the  Association  of  Ameri- 
can Steel  Manufacturers. 

Riveting. — These  filters  are  to  be  riveted  throughout  with  J^-in.  di- 
ameter, rivets.  The  girth  seams  are  to  be  single,  the  vertical  seams 
double-riveted. 

Openings. — In  the  top  heads  of  these  filters  is  to  be  placed  one  18-in. 
diameter  cast-iron  manhole,  with  bolted  cover.  In  the  bottom  heads  of 
the  filters  is  to  be  placed  one  6-in.  cast-iron  nozzle,  tapped  on  both  sides 
for  2-in.  pipe;  the  nozzle  Is  to  be  fitted  with  a  blank  head  tapped  for 
H-in-  pipe. 

In  the  lower  ring  of  the  filter,  just  above  the  lower  head,  is  to  be  located 
one  16-in.  by  18-in.  cast-iron  rectangular  manhole  with  a  hinged  cover; 
the  cover  is  to  be  made  with  a  threaded  outlet  for  5-in.  pipe,  which  is 
to  be  specially  designed,  so  that  the  contents  can  be  easily  discharged 
from  the  door.  There  is  also  to  be  located  one  2-in.  side-hill  flange  on 
the  top  head  of  the  filters. 

Brackets. — There  are  to  be  provided  four  heavy  cast-iron  brackets, 
8  ft.  by  8  ft.  by  8  ft.,  and  two  are  to  be  placed  in  the  upper  ring  and  two 
at  the  lower  ring;  they  are  to  be  placed  opposite  each  other. 
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Filter  Plate. — ^The  bottom  is  to  be  designed  to  support  a  filter  plate 
of  five  sections  made  of  Ji-in.  steel  plate,  perforated  with  J^-in.  holes, 
spaced  1  in.  apart.  It  is  to  be  supported  by  an  angle  ring  placed  near 
the  conjunction  of  the  lower  head  with  the  shell.  There  are  to  be.  two 
angles  placed  crosswise,  as  well  as  a  2-in.  by  2-in.  by  yi-m.  vertical 
support  for  each  cross  angle. 

Ettra  Angle. — ^About  6  in.  down  from  the  top  head  of  the  shell  of  the 
filters,  on  the  outside,  is  to  be  placed  an  angle  ring,  2  in.  by  2  in.  by  K  ii^* 

General. — These  filters  are  to  be  built  complete  in  the  shop,  tested 
when  full  of  water,  made  absolutely  tight  and  dry,  given  one  coat  of  paint 
on  the  outside,  and  shipped  intact. 

2.  Specifications  for  a  Refinery  at  Chanute,  Kansas 

Eight  Horizontal  Crude  Stills 

Size  and  Style. — These  stills  will  be  of  the  horizontal  type,  ten  feet  in 
diameter  by  forty  feet  long  (10  ft.  by  40  ft.),  in  the  shell. 

General  Construction. — The  bottom  of  each  still  will  be  made  in  one 
solid  plate,  one  hundred  eight  inches  wide  (108  in.)  and  forty  feet  (40  ft.) 
long,  running  the  full  length  of  the  shell. 

The  upper  part  of  the  shell  will  be  made  in  seven  courses,  running 
girthwise,  one  sheet  to  each  course  or  ring.  Each  of  the  mainheads,  or 
ends,  will  be  made  in  two  plates,  with  a  double  row  of  rivets  through  the 
center,  and  will  be  dished  outward  and  fianged-in. 

Dome. — On  the  center  course  of  each  still  there  will  be  a  dome,  thirty- 
six  inches  in  diameter  by  thirty- six  inches  high  (36  in.  by  36  in.).  The 
shell  and  head  of  the  dome  are  each  to  be  made  in  one  plate;  the  dome 
head  is  to  be  dished  upward  and  flanged-in. 

Steel  Plate. — ^Each  still  will  be  built  throughout  of  the  best  quality 
open-hearth  homogeneous  flange  steel,  with  the  exception  of  the  one  long 
bottom  plate,  which  is  to  be  made  of  the  best  still-bottom  steel.  All  the 
steel  entering  into  the  construction  of  this  still  shall  conform  to  the 
standard  specifications  adopted  by  the  Association  of  American  Steel 
Manufacturers. 

Bottom  of  still  to  be  of  ^-in.  steel  plate. 
Shell  of  still  to  be  of  ^-in.  steel  plate. 
Heads  of  still  to  be  of  H'in*  steel  plate. 
Dome  of  still  to  be  of  He-in.  steel  plate. 
Dome  head       to  be  of    ?^-in., steel  plate. 

Riveting. — ^Each  still  will  be  double-riveted  throughout  with  ?i-in. 
diameter  rivets,  excepting  the  dome  head,  manhole  neck,  flanges,  etc., 
wliich  will  be  single-riveted.  All  rivets  must  completely  fill  the  holes  and 
have  full  heads  concentric  with  the  body  of  the  rivet,  of  a  height  not  less 
than  }i  in. 
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The  diameter  of  the  punch  shall  not  exceed  the  diameter  of  the  rivets 
to  be  used  by  more  than  He  i^'t  ^^^  ^  holes  must  be  clean-<;ut  without 
torn  or  ragged  edges.  Rivet  holes  must  be  accurately  spaced,  the  use  of 
drift  pins  being  allowed  only  for  the  purpose  of  bringing  members  to- 
gether, and  must  not  be  driven  with  such  force  as  to  disturb  the  metal 
about  the  holes. 

All  rivets  are  to  be  of  first-class  quality,  made  to  conform  to  the 
standard  specifications  adopted  by  the  Association  of  American  Steel 
Manufacturers,  and  spaced  in  accordance  with  the  best  known  rules  for 
this  class  of  work. 

Openings. — On  the  top  of  each  still,  at  an  approved  location,  there 
will  be  two  20-in.  diameter  cast-iron  still  manholes,  complete  with  cover, 
crossbar  and  screw.  On  the  front  head  of  the  still,  near  the  bottom,  will 
be  a  20-in.  diameter  steel  manhole  neck,  finishing  at  the  outer  end  with  a 
wrought  iron  angle  ring  and  bolted  plate  steel  cover  secured  with  Ji-in. 
diameter  square-shouldered  bolts;  a  wrought-iron  crane  for  carrying 
the  cover  is  to  be  furnished  and  attached  to  the  manhole  neck.  The 
neck  is  to  be  made  of  H-in.  steel  plate. 

Each  still  will  be  provided  with  forged  steel  pipe  flanges,  all  to  be 
taper-threaded,  for  standard  pipe  connections  to  meet  the  requirements. 
,  K  preferred,  there  will  be  furnished,  instead  of  the  3-in.  flange  in  the  back 
end  of  the  bottom,  one  3-in.  diameter  cast-iron  tar  plug  \\ath  cast- 
iron  outlet  nozzle  having  a  wrought-iron  rod  extending  up  through  the 
shell  of  the  still  in  line  with  the  outlet  nozzle  beneath;  to  the  bottom  of 
this  tar  plug  outlet  nozzle  there  will  be  bolted  one  cast-iron  flange,  taper- 
threaded  for  3-in.  pipe.  The  tar  plug  is  to  be  operated  by  a  wheel  handle 
or  lever.    The  tar  plug  and  seat  are  to  be  ground  joint. 

Castings. — For  supporting  each  still  on  masonry  there  will  be  riveted 
to  the  shell  of  the  still  fourteen  heavy  cast-iron  or  pressed  steel  brackets, 
seven  on  each  side.  These  brackets  are  to  be  riveted  to  the  shell  of 
the  still  with  1-in.  diameter  rivets.  For  each  lug  a  channel,  12  in.  by 
36  in.,  with  two  rollers,  properly  fitted,  is  to  be  included. 

Caulking  and  Testing. — ^AU  plates  are  to  be  neatly  and  carefully 
bevel-sheared  on  a  rotary  beveller  for  outside  and  inside  caulking,  and 
the  corners  are  to  be  scarfed  so  as  to  insure  tight  joints  at  the  laps.  Each 
still  is  to  be  thoroughly  caulked  on  the  outside  and  inside,  and  made 
absolutely  tight  and  dry. 

Four  Horizontal  Steam  Stills 

Size  and  Style. — These  stills  will  be  of  the  horizontal  type,  ten  feet 
in  diameter  by  forty  feet  long  (10  ft.  by  40  ft.). 

General  Construction. — The  shell  of  each  still  will  be  made  in  seven 
roundabout  courses,  of  equal  width.  Each  end  of  the  still  will  be  made 
in  two  plates  ^ith  a  double  row  of  rivets  through  the  center,  and  will 
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be  dished  outward  and  flanged-in.    On  top  of  the  shell  »-ill  be  a  dome,  3 
ft.  in  diameter  by  6  ft.  high  (See  Fig,  24S). 

Steel  Plate. — Each  still  will  be  built  throughout  of  open-hearth  homo- 
geneous gt«el,  conforming  to  the  standard  specifications  adopted  by  the 
Association  of  American  Steel  Manufacturers. 

Shell  of  still  made  of  ^{e-in.  steel  plate. 
Enda  or  heads  made  of  Jia-in.  steel  plate. 
Shell  of  dome  made  of  ]^-va.  steel  plate. 
Head  of  dome  made  of  Kb-'o,  steel  plate. 

Riveting. — Each  still  will  be  riveted  throughout  with  5a-in.  diameter 
rivela.  Longitudinal  seams  are  to  be  double-riveted,  girth  seams  siogle- 
riveted. 

CftuHdng  and  Testing.— All  plates  are  to  be  neatly  and  carefully 
sheared  for  outside  caulking,  and  corners  are  to  be  scarfed  so  as  to  insure 
tight  joints  at  the  laps. 

Openings.— In  the  top  of  the  shell  of  each  still,  there  will  be  one  20-in. 
diameter  castr-iron  manhole,  complete  with  cover,  crossbar  and  screw. 
In  the  front  bead  of  each  still  there  will  also  be  one  20-in.  diameter  steel 
manhole  neck  with  steel  angle  ring  and  plate  steel  cover. 

Riveted  to  the  shell  of  each  still  in  an  approved  location  there  will 
be  seven  3-in.  flanges,  and  to  the  dome  one  8-in.  flange;  these  flanges 
are  to  be  of  forged  stee). 

Brackets. — For  supporting  each  still  on  masonry,  there  will  be  riveted 
to  the  shell  fourteen  cast-iron  or  pressed  steel  brackets,  seven  on  each 
aide.  Each  lug  is  to  be  provided  with  one  steel  plate,  12  in,  wide  by 
24  in.  long  by  %  in.  thick. 

One  Condenaer,  12  ft.  by  8  ft.  by  5  ft. 

Size  and  Style. — This  condenser  will  be  rectangular  in  shape,  twelve 
feet  long,  eight  feet  wide,  by  five  feet  deep  (12  ft.  by  8  ft.  by  5  ft.),  open 
top. 

General  Construction.— The  bottom  of  this  condenser  will  be  oon- 
strueted  in  two  plates,  each  5  ft.  wide.  Each  plate  ia  to  be  bent  at  the 
lower  edge  to  a  radius  of  6  in.,  so  as  to  form  the  sides  of  the  condenser. 
Each  end  of  the  condenser  will  be  made  in  one  solid  plate  and  flanged-in, 
and  each  side  in  one  solid  plate. 

Angles  and  Bracing. — For  the  purpose  of  stiffening  this  condenser, 
there  nill  be  riveted  around  the  top,  on  the  outside,  an  angle  band  of 
2>S-in.  by  2H-in.  by  ?f  a-in.  steel  angle. 

Riveted  to  each  side  of  the  condenser,  there  will  be  two  vertical  atiff- 
eners  of  2^j-in.  by  2J^-in.  by  Hs-in.  steel  angle,  set  opposite  each  other. 
Riveted  to  each  end  of  the  condenser,  there  will  be  two  vertical  angles 
of  the  same  size.    Running  crosswise  on  top  of  the  condenser,  straight 
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and  diagonally,  there  will  be  a  set  of  braces  of  2-in.  by  yi-in,  flat  steel 
bar,  bolted  at  each  end  to  the  top  angle  iron. 

Steel  Plate. — ^The  steel  plate  used  in  the  shell,  that  is,  the  sides  and 
bottom,  of  this  condenser  will  be  of  the  best  quality  }4'^'  steel,  and 
that  used  in  the  heads,  or  ends,  of  the  best  quality  open-hearth  homo- 
geneous flange  steel,  >^-in.  thick.  All  the  steel  used  will  conform  to  the 
standard  specifications  adopted  by  the  Association  of  American  Steel 
Manufacturers. 

Riveting. — ^This  condenser  will  be  single-riveted  throughout  witli 
Xe-in.  diameter  rivets,  spaced  IH  in.  center  to  center. 

Caulking  and  Testing. — ^All  the  plates  are  to  be  neatly  and  carefully 
sheared  for  outside  caulking,  and  the  comers  are  to  be  scarfed  so  as  to 
insure  tight  joints  at  the  laps. 

This  condenser  is  to  be  thoroughly  caulked  on  the  outside,  tested  when 
full  of  water,  and  made  absolutely  tight  and  dry. 

Openings. — Riveted  to  the  condenser  at  approved  locations,  there 
will  be  the  necessary  pipe  flanges.  All  flanges  are  to  be  of  forged  steel, 
taper-threaded. 

Painting. — ^After  completion,  this  condenser  will  be  given  one  coat 
of  good  red  mineral  paint  on  the  outside. 

One  Three-Compartment  Condenser 

Size  and  Style. — ^This  condenser  will  be  rectangular  in  shape,  forty 
feet  long,  twenty-four  feet  wide,  and  six  feet  deep  (40  ft.  by  24  ft.  by 
6  ft.),  open  top,  with  two  partitions  lengthwise,  making  three  (3)  com- 
partments, 40  ft.  by  8  ft.  by  6  ft.,  on  one  bottom. 

General  Construction. — The  bottom  of  this  condenser  will  be  con- 
structed in  five  courses,  lengthwise,  each  5  ft.  wide  across  the  bottom. 
Each  course  is  to  be  made  in  three  plates,  bent  at  each  lower  edge  to  a 
radius  of  6  in.,  so  as  to  form  the  ends  of  the  condenser,  the  two  outer 
courses  being  each  bent  up  to  form  the  sides. 

Each  side  and  each  partition  will  be  made  in  three  plates,  and  the 
partitions  are  to  be  flanged.  Each  end  is  to  be  made  in  two  plates, 
flanged-in. 

Angles  and  Bracing. — There  will  be  riveted  around  the  top,  on  the 
outside,  and  on  top  of  each  partition,  an  angle  ring,  or  band,  of  2>^-in, 
by  2J^-in.  by  He-^*  steel  angle. 

There  will  be  riveted  seven  vertical  angles,  3  in.  by  3  in.  by  J^  in.,  to 
each  side,  seven  to  each  partition,  and  three  to  each  end. 

Running  crosswise  of  the  condenser,  straight  and  diagonally,  there 
will  be  a  set  of  braces  of  2-in.  by  H-in.  flat  steel  bar,  bolted  at  each  end 
to  the  top  angle  irons  and  to  the  partitions  where  thty  cross. 

Steel  Plate. — The  steel  plate  used  in  the  shell,  that  is,  the  sides  and 
bottom,  of  this  condenser  will  be  of  the  best  quality  J^-in.  tank  steel, 
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and  that  used  in  the  heads,  or  ends,  of  the  best  quality  open-hearth  homo- 
geneous flange  steel,  }i  in.  thick. 

All  the  steel  used  is  to  conform  to  the  standard  specifications  adopted 
by  the  Association  of  American  Steel  Manufacturers. 

Riveting. — ^This  condenser  will  be  single-riveted  throughout  with 
Jie-^'  diameter  rivets,  spaced  IK  in.  center  to  center. 

Caulking  and  Testing. — ^All  the  plates  are  to*be  neatly  and  carefully 
sheared  for  outside  caidking,  and  the  comers  are  to  be  scarfed  so  as  to 
insure  tight  joints  at  the  laps. 

The  condenser  is  to  be  thoroughly  caulked  on  the  outside,  tested  when 
full  of  water,  and  made  absolutely  tight  and  dry. 

Openings. — Riveted  to  the  condenser  at  approved  locations,  there 
will  be  the  necessary  pipe  flanges.  All  flanges  are  to  be  of  forged  steel, 
straight-threaded. 

Painting.' — ^Af ter  completion,  this  condenser  will  receive  one  coat  of 
good  red  mineral  paint  on  the  outside. 

One  Four-Compartment  Condenser 

Size  and  Style. — This  condenser  will  be  rectangular  in  shape,  forty 
feet  long,  thirty-two  feet  wide  and  eight  feet  deep  (40  ft.  by  32  ft.  by 
8  ft.),  open  top,  with  three  partitions  lengthwise,  making  four  compart- 
ments, 40  ft.  by  8  ft.  by  8  ft.,  on  one  bottom. 

General  Construction. — The  bottom  of  this  condenser  will  be  con- 
structed in  seven  courses  lengthwise,  each  5  ft.  wide  across  the  bottom. 
Each  course  is  to  be  made  in  three  plates,  bent  at  each  lower  edge  to  a 
radius  of  6  in.,  so  as  to  form  the  ends  of  the  condenser,  the  two  outer 
courses  being  each  bent  up  to  form  the  sides.  Each  end  is  to  be  made 
in  two  plates,  flanged-in. 

Each  side  and  each  partition  will  be  made  in  three  plates;  all  partitions 
are  to  be  flanged. 

Angles  and  Bracing. — ^There  will  be  riveted  around  the  top,  on  the 
outside,  and  on  top  of  each  partition,  an  angle  ring,  or  band,  of  2J^-in. 
by  2>$-in.  by  ^{e-iii-  steel  angle. 

There  will  be  riveted  seven  vertical  angles,  3  in.  by  3  in.  by  %  in.,  to 
each  side,  seven  to  each  partition,  and  three  to  each  end. 

Running  crosswise  of  the  condenser,  straight  and  diagonally,  there 
will  be  a  set  of  braces  of  2-in.  by  Ji-in.  flat  steel  bar,  bolted  at  each  end 
to  the  top  angle  irons  and  to  the  partitions  where  they  cross. 

Steel  Plate. — ^The  steel  plate  used  in  the  shell,  that  is,  the  sides  and 
bottom,  of  this  condenser,  will  be  of  the  best  quality  ^i-m.  tank  steel,  and 
that  used  in  the  heads,  or  ends,  of  the  best  quality  open-hearth  homo- 
geneous flange  steel,  }4  in.  thick. 

All  the  steel  used  is  to  conform  to  the  standard  specifications  adopted 
by  the  Association  of  American  Steel  Manufacturers. 
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Rivetmg.— This  condenser  will  be  aingle-riveted  throughout  with  K«- 
in.  diameter  rivets,  spaced  IJ^  in.  center  to  center. 

Caultdng  and  Testing. — All  the  plates  are  to  be  neatly  and  carefully 
sheared  for  outeida  caulking,  and  the  corners  are  to  be  acarfed  bo  as  to 
insure  tight  joints  at  the  laps. 

The  condenser  is  to  be  thoroughly  caulked  on  the  outside,  tested  when 
full  of  water,  and  maSe  absolutely  tight  and  dry. 

Openings. — Riveted  to  the  condenser  at  approved  locations,  there  will 
be  the  necessary  pipe  flanges.  All  flanges  are  to  be  of  forged  steel, 
straight-threaded. 

Paintiiig.-^After  completion,  this  condenser  will  be  given  one  coat  of 
good  red  mineral  paint  on  the  outside. 

One  Five-Compartment  Condenser 

Size  and  Stylc.^This  condenser  will  be  rectangular  in  shape,  fifty 
feet  long,  thirty  feet  wide  and  six  feet  deep  (50  ft.  by  30  ft.  by  6  ft.),  open 
top,  with  four  partitions  lengthwise,  making  five  compartmenta,  50  ft. 
by  6  ft.  by  6  ft.,  on  one  bottom. 

General  Construction. — The  bottom  of  this  condenser  will  be  oon* 
stnicted  in  sin  courses  running  lengthwise,  each  about  5  ft.  wide.  Each 
course  is  to  be  made  in  three  plates  bent  at  each  lower  edge  to  a  radius 
of  6  in.,  BO  as  to  form  the  ends  of  the  condenser,  the  two  outer 
courses  each  being  bent  up  to  form  the  sides. 

Each  end  of  the  condenser  will  be  made  in  two  plates,  flanged-in. 
Each  side  and  each  partition  will  be  made  in  four  plates  and  to  lap  on  the 
bottom  plates;  the  partitions  are  to  be  flanged.  This  construction  re- 
duces to  a  minimum  the  number  of  cross  seams  on  the  bottom  of  con- 
denser where  the  partitions  are  riveted. 

Angles  and  Bracing. — Along  the  outside,  on  top  of  the  condenser,  and 
lengthwise,  on  top  of  each  partition,  is  to  be  riveted  a  2>i-in.  by  2}i-'m. 
by  Jifl-ii-  steel  angle;  there  will  also  be  riveted  to  each  end  on  the  inside 
five  vertical  angles  on  to  each  side  and  to  each  partition  eight  vertical 
an^es,  all  2H  in.  by  2}^  in.  by  Jia  io. 

Running  crosswise  of  the  condenser,  straight  and  diagonally,  there  will 
be  furnished  a.  set  of  braces  of  2-in.  by  ^-in.  flat  steel  bar,  punched  for 
bolting  at  each  end  and,  where  they  cross  the  partitions,  to  the  top  angle 

Steel  Plate. — The  steel  plate  used  in  the  construction  of  this  condenaer 
will  be  of  the  best  quality  tank  steel,  H"""-  thick,  except  that  where  flang- 
ing is  required  open-hearth  flange  steel  is  to  bo  used. 

All  the  steel  used  is  to  conform  to  the  standard  specifications  adopted 
by  the  Association  of  American  Steel  Manufacturers. 

Riveting, — This  condenser  will  be  single-riveted  throughout  with 
Jie-in-  diameter  rivets,  spaced  IK  in.  center  to  center. 
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Caulking  and  Testing.— All  the  plates  are  to  bo  neatly  and  carefully 
sheared  for  outside  caulking,  and  the  corners  are  to  be  ECftrfed  so  aa 
;o  insure  tight  joints  at  the  laps.     The  condenser  is  to  be  thoroughly 
caulked  when  full  of  water,  and  made  perfectly  tight  and  diy. 

Openings  .—There  will  be  fumiabed  the  necessary  pipe  flanges  to 
suit  requirements.     All  flanges  are  to  be  forged  steel,  straight^tlireaded. 

Painting.— After  completion,  this  condenser  is  to  receive  one  coat  of 
red  mineral  puint. 

One  Agitator,  18  ft.  by  32  ft. 

Size  and  Style.— This  agitator  will  be  of  the  vertical  type,  eighteen 
feet  in  diameter  by  thirty-two  feet  high  (18  ft.  by  32  ft,),  in  the  shell. 
The  cone  is  tw  have  a  6-ft.  drop.    This  agitator  is  to  have  a  globe  roof. 

General  Construction.— The  shell  of  this  agitator  will  be  made  in  six 
equal  courses.     Located  in  the  third  ring  and  csteiKliiig  dmvn  vrrficalty 

■ 
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Pio.  210.— General  refinery  work,  consisling  of  one  1,200-bbl.  agitator, 
one  2,400-libl.  agitator,  three  stUls,  14  ft.  (1  in.  by  42  ft.  in  length,  and  three 
condenser  tanks,  23  ft.  by  48  ft.  by  12  ft. 

to  a  depth  of  about  6  (t.,  there  will  be  a  cone  with  the  upper  or  outer 
edge  riveted  to  the  sheU  of  the  agitator;  this  is  to  finish  at  the  bottom  OP 
apex  with  a  cap  piece  of  about  36  in.  in  diameter. 

Around  the  top  of  the  agitator,  on  the  outside,  there  will  be  riveted 
an  angle  ring  of  2iii-in.  by  23'S-ui.  by  Jjo-in.  steel  angle,  and  at  the 
Mttom  of  the  aptator,  on  the  outside,  there  will  be  riveted  an  angle  ring 
of  3-in.  by  3-in.  by  Jg-in.  steel  angle. 

Supports. — The  cone  is  to  be  supported  by  means  of  four  4-in.  pipe 
columns  with  flanges  on  the  top  and  bottom. 

Steel  Plate.— The  agitator  will  be  made  of  the  following  thicknesa  of 
plate: 

1 

i 
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First  four  rings  of  shell  of  He'^-  steel  plate. 
Balance  of  rings  of  shell  of  )^-in.  steel  plate. 
Cone  of  ^8~^'  steel  plate. 

Roof  of  No.  10  steel  plate. 

All  the  steel  plate  used  in  the  construction  of  this  agitator  is  to  con- 
form to  the  specifications  adopted  by  the  Association  of  American  Steel 
Manufacturers. 

The  plates  used  in  the  shell  are  to  be  of  the  best  quality  tank  steel, 
while  those. used  in  the  cone  are  to  be  of  the  best  quality  open-hearth 
flange  steel. 

Rivetixig. — This  agitator  is  to  be  single-riveted  throughout,  excepting 
the  cone  roof,  with  %-in.  diameter  rivets.  The  cone  is  to  be  double- 
riveted  with  5^-in.  diameter  rivets.  The  roof  is  to  be  single-riveted 
with  %-in.  diameter  rivets.  All  rivets  in  the  cone  and  in  the  shell  of  the 
agitator  above  the  cone  are  to  be  coimtersunk  and  driven  flat  from  the 
inside. 

Roof. — ^The  roof  is  to  be  of  the  globe  pattern,  made  of  segmental 
plates  of  No.  10  steel  plate  capped  with  a  circular  plate  of  Ke-in.  plate, 
36  in.  in  diameter,  riveted  securely  on  the  outer  edge  to  the  top  angle  of 
the  shell. 

The  roof  is  to  be  provided  with  four  wrought  steel  flapper  manholes. 

Gallery  and  Ladder. — -This  agitator  is  to  be  provided  with  a  gallery 
extending  around  the  top  at  the  proper  distance;  this  is  to  be  made  of 
steel  construction  of  angle  bars  and  plates.  There  is  to  be  a  straight 
stairway  running  from  the  ground  to  the  gallery. 

Caulking  and  Testing. — ^All  plates  are  to  be  bevel-sheared,  but  the 
agitator  is  not  to  be  caulked  or  tested.  However,  the  cone  is  to  be 
caulked. 

Openings. — ^At  the  apex  of  the  cone,  on  a  circular  cap  piece,  will  be 
furnished  a  cast-iron  nozzle  with  a  6-in.  standard  pipe  companion  flange. 

In  the  skirt  of  the  agitator  will  be  cut  an  opening,  30  in.  wide,  60  in. 
high  on  the  sides,  with  arched  top,  and  stiffened  around  the  edge  with 
an  angle  iron,  2H  in-  by  2H  in.  by  Jfe  in. 

One  Tank,  9  ft.  by  9  ft. 

Size  and  Style. — This  tank  will  be  of  the  vertical,  cylindrical  type, 
nine  feet  in  diameter  by  nine  feet  high  (9  ft.  by  9  ft.),  having  a  nominal 
capacity  of  about  100  bbl.,  more  or  less,  rated  at  42  gal.  per  barrel. 

Bottom  and  Shell. — The  bottom  of  this  tank  will  be  made  by  using  two 
sketch  plates,  trimmed  to  conform  to  the  circumference  of  the  bottom 
angle. 

The  shell  will  be  constructed  in  one  ring  or  course,  9  ft.  wide. 

MateriaL — ^This  tank  will  be  built  throughout  of  first-class  quality 
open-hearth  tank  steel,  and  all  the  plates,  angles  and  rivets  are  to  be  in 
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accordance  with  their  respective  specifications  as  adopted  by  the  Asao- 
ciation  of  American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used  in  this  tank: 
Bottom  rect.  plates  of     ?{e-in.  pUte,  weighing  7,66  lb.  per  square  foot. 
Bottom  sketeh  plates  of  ?{e-in.  plale,  weighing  7.Q5  lb.  per  square  foot. 

Angles. — The  shell  of  this  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  2-in.  by  2-in.  by  >i-in.  steel  angle,  to  which  the  shell 
and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside 
of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  outside, 
there  will  be  an  angle  ring  of  2-in.  by  2-in.  by  }^-m.  steel  angle.  There 
will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulldng. — Ihe  plates  in  the  sheU  of  this  tank  will  be 
bevel-sheared  and  caulked  on  the  outaide,  and  the  bottom  plates  will  be 
bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be  beveled. 
All  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — ^The  bottom  and  first  ring  of  this  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle 
are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry 
to  the  acceptance  of  a  representative,  which  test  shall  be  final  and 
conclusive  ae  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tesl«d  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  clmrge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and  ' 
conclusive  and  is  to  be  made  promptly  upon  the  completion  of  the  tank. 

Painting. — After  completion,  this  tank  is  to  be  painted  one  coat  on 
the  outside  with  a  first-class  quality  graphite  paint. 

Openings.— In  the  first  ring  of  the  shell  of  this  tank  there  is  to  be  one 
cast-iron  manhole,  riveted  on  and  provided  with  a  cast-iron  bolted  cover 
complete. 

Flanges. — This  tank  will  also  be  provided  with  the  following  forged 
steel  pipe  flanges,  tlu^iaded  for  standard  pipe  connection,  .or  their 
monetary  equivalent,  and  located  where  the  purchaser  directs: 

One  threaded  for  3-in.  pipe;  and  one  threaded  for  2-in.  pipe,  all  flanges 
to  lie  taper-threaded  unless  otherwise  noted. 

Roof. — This  tank  is  not  to  be  provided  with  a  roof. 

Riveting. — The  bottom  of  this  tank  is  to  be  single-riveted  with  J^-in. 
diameter  rivets.  The  bottom  angle  ia  to  be  single -rive  ted  to  the  bottom 
and  to  the  shell  with  ?a-'n-  diameter  rivets.  The  shell  of  the  tank  is 
to  be  single-riveted  throughout  with  5^-in.  diameter  rivets,  spaced  l^ 
in.  center  to  center. 

General. — In  general,  this  tank  is  to  be  built  in  a  first-class  work- 
manlike manner  throughout,  and  the  work  will  be  open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 
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One  Tank,  20  ft.  by  12  ft. 

Siie  and  Style.— This  taiik  will  be  of  the  vertical,  cylindrical  type, 
twenty  feet  in  diameter  by  twelve  feet  high  (20  ft.  by  12  ft.),  havinR  a 
nominal  capacity  of  about  fiOO  bbl.,  more  or  leas,  rated  at  42  gal,  per 
barrel. 

Bottom  and  Shell. — The  bottom  of  thia  tank  will  be  made  by  using 
two  rectangular  plates  and  two  sketch  plates,  trimmed  to  conform  to 
the  circumference  of  the  bottom  angle. 

The  shell  will  be  constructed  in  two  rings  or  courses,  each  6  ft.  wide. 

Material. — This  tank  will  be  built  throughout  of  first-claas  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  ac- 
cordance with  their  respective  specifications  as  adopted  by  the  Associar 
tion  of  American  Steel  Manufacturers. 

Thicknesses  of  plato  to  be  used  in  this  tank: 
Bottom  rect.  pistes  of  ?^6-in.  plate,  weighing  7.6.^  lb.  per  square  foot, 
Bottom  sketch  plates  of  ^fa-in.  plate,  weighing  7.65  lb.  per  square  foot. 
Firet  ring  of  shell  of  ?f  g-in.  plate,  weighing  7,65  lb.  per  square  foot. 
Second  ring  of  shell  of  'fe-in,  plate,  weighing  7.65  lb,  per  square  foot, 
Boof  plates  of  No.  10  plat«,  weighing  5.45  lb,  per  square  foot. 

Angles. — ^1  he  shell  of  this  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  2-in.  by  2-in,  by  3-i-in.  steel  angle,  to  which  the  shell 
and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside 
of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  outside, 
there  will  be  an  angle  ring  of  2-in.  by  2-in.  by  >i-jn.  steel  angle.  There 
will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking, — The  plat^  in  the  shell  and  roof  of  this  tank 
will  be  bcvel-eheared  and  caulked  on  the  outside,  and  the  bottom  plates 
will  be  bevel-eheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.     All  caulking  is  to  be  <ione  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  ring  of  this  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked ;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle 
are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry 
to  the  acceptance  of  a  representative,  which  test  shaU  be  fuial  and 
conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  Thia  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting. — After  completion,  this  tank  is  to  be  given  one  coat  on  the 
outside  with  n  first-class  quality  graphite  paint. 

Openings. — In  the  first  ring  of  the  shell  of  this  tank  there  is  to  be  one 
cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
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cast-iron  bolted  cover  complete.  This  tank  will  also  be  provided  with 
the  following  forged  steel  pipe  flanges,  threaded  for  standard  pipe  con- 
nection, or  their  monetary  equivalent,  and  located  where  the  purchaser 
directs: 

One  threaded  for  3-in.  pipe^  one  threaded  for  2-tn.  pipe,  aJl  flanges 
to  be  taper-threaded  unless  otherwise  nottd. 

Roof. — This  tank  is  to  be  provided  with  a  globe  roof  of  No.  10  steel, 
formed  of  segmental  plates  radiating  from  the  center  and  riveted  at 
the  outer  edge  to  the  top  angle  iron  on  the  shell  of  the  tank.  The  roof 
is  to  finish  at  the  center  with  a  cap  piece  about  3  ft.  in  diameter, 
supported  with  a  central  pipe  column  of  3-in.  pipe  with  flange  top  and 
bottom. 

Riveting. — ^The  bottom  of  this  tank  ia  to  be  single-riveted  with  ?S-in. 
diameter  tjvets.  The  bottom  angle  ia  to  be  single- riveted  to  the  bottom 
and  to  the  sholl  with  5^-in.  diameter  rivets.  Tbe  shell  of  the  tank  is 
to  be  single-riveted  throughout  with  J^-in.  diameter  rivets,  spaced  IH 
in.  center  to  center.  The  roof  is  to  be  single-riveted  with  ?g-in.  rivets, 
2-in.  pitch. 

General. — In  general,  this  tank  is  to  be  buUt  in  a  first-class  workman- 
like manner  throughout,  and  the  work  will  be  open  at  any  and  all  reason- 
able times  to  inspection,  both  in  the  shop  and  field. 

One  Tank,  20  ft.  by  12  ft.,  Open  Top 

Size  and  Style,— This  tank  will  be  of  the  vertical,  cylindricallype, 
twenty  feet  in  diameter  by  twelve  feet  high  (20  ft.  by  12  ft.),  havinga 
nominal  capacity  of  about  600  bb!,,  more  or  less,  rated  at  42  gal.  per 

Bottom  and  Shell. — The  bottom  of  this  tank  will  be  made  by  using  two 
rectangular  plates  and  two  sketch  plates,  trimmed  to  conform  to  the 
circumference  of  the  bottom  angle. 

The  shell  will  be  constructed  in  two  rings  or  courses,  each  6  ft.  wide. 

Material. — This  tank  will  be  built  throughout  of  first-class  open-hearth 
tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accordance  with  their 
respective  specifications  as  adopted  by  the  Association  of  American 
Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used  in  this  tank: 


Bottom  rect.  platea  of  Hi 

Bottom  sketch  plates  of  Jfg-in.  plate, 

Tini  ring  of  shell  of  Jlfg-in.  plate. 

Second  ring  of  shell  of  ?lo-in.  plot*, 


plate,  weighing  7.65  lb.  per  square  toot. 
weighing  7.65  lb.  persquare  foot. 
weighing  7.05  Ih.  persquare  foot, 
weighing  7.65  lb.  persquare  foot. 


Angles. — The  shell  of  this  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  2-in.  by  2-in.  by  H-^-  st^l  angle,  to  which  the  shell 
and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside 
of  the  shell.    Around  the  top  of  the  shell  of  the  tank,  on  the  outside, 
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there  will  be  an  angle  ring  of  2-in.  by  2-in.  by  >i-in.  aleel  angle.  There 
will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking, — The  plates  in  the  shell  of  this  tank  will  be 
bevel  sheared  and  caulked  on  the  outside,  and  the  bottom  plates  will  be 
bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be  beveled. 
All  caulk'ing  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing.— The  bottom  and  first  ring  of  this  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked ;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle  are 
to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry  to 
the  acceptance  of  a  representative,  which  teat  shall  be  final  and  con- 
clusive as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting.— After  completion,  this  tank  is  to  be  given  one  coat  on  the 
outside  with  a  first-clttSB  quality  graphite  paint. 

Openings. — In  the  first  ring  of  the  shell  of  this  tank  there  is  to  be  one 
cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
cast-iron  bolted  cover  complete.  This  tank  will  also  be  provided  with 
the  following  forged  steel  pipe  flanges,  threaded  for  standard  pipe  con- 
nection, or  their  monetary  equivalent,  and  located  where  the  purchaser 
directs; 

One  threaded  for  3-in.  pipe;  one  threaded  for  2-in.  pipe,  all  flanges 
to  be  taper-threaded  unless  otherwise  noted. 

Roof, — This  tank  is  not  to  be  provided  with  a  roof. 

Riveting. — ^The  bottom  of  this  tank  is  to  be  single-riveted  with  J£-in. 
diameter  rivets.  The  bottom  angle  is  to  be  single-riveted  to  the  bottom 
and  to  the  sbeU  with  ^-in.  diameter  rivets.  The  shell  of  the  tank  is 
to  be  single-riveted  throughout  with  ?^-iii.  diameter  riveta,  spaced  IH 
in.  center  to  center. 

General. — In  general,  this  tank  is  to  be  built  in  a  firstKilass  workman- 
like manner  throughout,  and  the  work  will  be  open  at  any  and  all  rea- 
sonable limes  to  inspection,  both  in  the  shop  and  field. 

Four  Tanks,  40  ft.  by  12  ft. 

Size  and  Style. — These  tanka  will  be  of  the  vertical,  cylindrical  type, 
forty  feet  in  diameter  by  twelve  feet  high  (40  ft.  by  12  ft,),  each  hav- 
ing a  nominal  capacity  of  about  2,700  bbl.,  more  or  less,  rated  at  42 
gal.  per  barrel. 

Bottom  and  Shell,— The  bottom  of  each  tank  will  be  made  by  using 
many  rectangular  plates  as  practical,  about  b  ft.  by  16  ft.,  finishing 
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the  outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circumfer- 
ence  of  the  bottom  angle. 

The  shell  will  be  constructed  in  three  rings  or  courses,  each  about  5  ft. 
wide. 

MateiiflL — Each  tank  will  be  built  throughout  of  firat-class  quality 
opeD-hearthtankateel,all  the  plates,  angles  and  rivets  to  be  in  accordance 
with  their  respective  specifications  as  adopted  by  the  Association  of 
American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used: 


Bottom  rect.  platea  of  'K*-'' 
Bottom  sketch  pUt«a  of  1^4-ii 
First  ring  of  shell  of  JJ-it 

Second  ring  of  shell  of  J5a-ii 
Third  ring  of  shell  of  1,^4-ii 
Roof  plat«s  of  '?i4-ii 


,  plate, 
.  plate,  wei 


ighing  8.351b.  per  square  foot. 
ighing  8 .  25  lb.  per  square  foot. 
Ighing  10.2  lb.  per  square  foot, 
ighing  8.75  lb.  per  square  foot, 
ighing  S.25  lb.  per  square  fool, 
ighing    8.251b.  per  square  foot. 


Angles,— The  shell  of  each  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  rbg  of  3-in.  by  3-in.  by  jKa-i"!-  steel  angle,  to  which  the 
shell  and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the 
inside  of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  out- 
side, there  will  be  an  angle  ring  of  3-in.  by  3-in.  by  Jig-in.  steel  angle. 
There  will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  CauUdng.^The  plates  in  the  shell  and  roof  of  each  tank 
will  be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
will  be  bevel^Bheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.    All  caulking  is  to  he  done  in  a  careful  workmanlike  manner. 

Testing. — The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and  laefore 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle 
are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry 
to  the  acceptance  of  &  representative,  which  test  shall  be  final  and 
conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting.— After  completion,  each  tank  is  to  be  given  one  coat  on  the 
outside  with  a  Rrst-clasB  quality  graphite  paint. 

Openings. — In  the  first  ring  of  the  shell  of  each  tank  there  is  to  be 
one  cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided 
with  a  cast-iron  bolted  cover  complete. 

Roof. — Each  tank  is  to  be  provided  with  a  water-top  roof  of  No.  6 
steel  plate  weighing  8.25  lb.  The  roof  is  to  be  supported  by  an  inter- 
mediate frame  of  6-in,,  I2H-Ib-  I-beams  and  twenty-four  radial  sup- 
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ports  of  4-in,,  5}i-lb-  channels;  these  are  to  be  supported  by  one  central 
pipe  po8t,  6  in.  in  diameter,  and  aix  inteimediate  supports,  3  in,  in 
diameter. 

The  water  top  is  to  be  formed  by  extending  the  roof  plates  out  onto 
the  top  angle  of  the  shell  and  curbing  with  qh  angle,  5  in.  by  3  in.  by 
Jf  a  i".,  riveted  on  top  of  the  roof  plates. 

This  roof  is  to  be  supplied  with  one  IS-in.  diameter  manhole,  made 
flush  with  top. 

RiTeting. — The  bottom  of  each  tank  is  to  be  single-riveted,  and  the 
bottom  angle  is  to  be  riveted  to  the  bottom  and  to  the  shell. 

Each  tank  is  to  be  riveted  throughout  with  J^g-in.  diameter  rivets, 
spaced  IM  in.  center  to  center;  the  girth  seams  are  to  be  single,  the  verti- 
cal seams  double-riveted. 

WelL— Riveted  to  the  bottom  of  each  tank  is  to  be  one  well,  18  in, 
in  diameter  by  12  in.  deep. 

GeneraL — In  general,  each  tank  is  to  be  built  in  a  first-class  work- 
manlike manner  throughout,  and  the  work  will  be  open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 

Two  Tanks,  50  ft.  by  12  ft. 

Size  and  Style. — These  tanks  will  be  of  the  vertical,  cylindrical  type, 
fifty  feet  in  diameter  by  twelve  feet  high  (50  ft.  by  12  ft.),  each  having 
a  nominal  capacity  of  about  4,000  bbl.,  more  or  less,  rated  at  42  gal, 
per  barrel. 

Bottom  and  Shell. — The  bottom  of  each  tank  will  be  made  by  using 
as  many  rectangular  plates  as  practical,  about  5  ft.  by  15  ft.,  finishing 
at  the  outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circum- 
ference of  the  bottom  angle. 

The  shell  will  be  conatructed  in  three  rings  or  courses,  each  about 
5  ft,  wide. 

Material. — Each  tank  will  be  built  throughout  of  first-class  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Association 
of  American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used: 


4 


Bottom  rect.  plates  of  '?^4- 
Bottom  sketch  platea  of  ^H*- 
First  ring  of  shell  of  H- 

Second  ring  of  shell  of  ^3- 
Third  ring  of  shell  of  >^«- 
Boof  plates  of  ^Hf 


..  plate,  weighing  8,25  lb.  per  square  foot, 
..  plate,  weighing  8.25  lb.  per  square  foot. 
.  plate,  weighing  10.2  lb.  per  square  foot. 
.  plate,  weighing  8.75  lb.  per  square  foot. 
;.  plate,  weighing  8.25  lb.  per  square  fool. 
..  plate,  weighing    8.25  lb.  per  square  foot. 


Angles. — ^The  shell  of  each  tank  will  be  joined  to  the  bottom  by  means 
>f  an  angle  ring  of  3-in.  by  3-in.  by  5^B-in.  steel  angle,  to  which  the  shell 
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and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside  1 

of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  outeide, 
there  will  be  an  angle  ring  of  3-in.  by  3-iri;  by  ^le-in-  steel  angle.  There 
will  be  no  inside  top  angle  unices  expressly  BtJpulated. 

Shearing  and  Caulking. — The  plates  in  the  shell  and  roofof  each  tank 
will  be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
will  be  bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.     All  caulking  is  to  be  done  in  a  careful  workmanlike  maiuier. 

Testing, — The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  upon 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle 
are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry 
to  the  acceptance  of  a  representative,  which  test  shall  be  final  and 
conclusive  as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  filial 
and  conclusive  and  is  to  be  made  promptly  upon  completion  of  the 
tank. 

Painting. — After  completion,  each  tank  is  to  receive  one  coat  on  the 
outside  of  a  first-class  quality  graphite  paint. 

Openings.— In  the  first  ring  of  the  shell  of  each  tank  there  is  to  be  one 
cast-iron  maubole,  IS  in.  in  diameter,  riveted  on  and  provided  with  a 
cast-iron  bolted  cover  complete. 

Roof. — Each  tank  is  to  be  provided  with  a  water-top  roof  of  No.  6 
steel  plate  weighing  8.25  lb.  Ihe  roof  is  to  be  supported  by  an  inter- 
mediate frame  of  8-in.,  IS-lb,  I-beams  and  thirty  radial  supports  of 
5-in.,  S-lb.  channels;  these  are  to  be  supported  by  one  central  pipe  post, 
6  in.  in  diameter,  and  six  intermediate  supports,  4  in.  in  diameter. 

The  water  top  is  to  be  formed  by  extending  the  roof  plates  out  onto 
the  top  angle  of  shell  and  curbing  with  an  angle,  5  in.  by  3  in.  by  Hs  in., 
riveted  on  top  of  roof  plates. 

The  roof  is  to  Ije  supplied  with  one  18-in.  diflmet«r  manhole,  made 
flush  with  top, 

Riveting. — The  bottom  of  each  tank  is  to  be  single- riveted.  The 
bottom  angle  is  to  be  riveted  to  the  bottom  and  to  the  shell. 

Each  tank  is  to  be  riveted  throughout  with  Ji'g-in.  diameter  rivets, 
spaced  IH  in.  center  to  center;  the  girth  seams  are  to  be  single  and  the 
vertical  seams  double-riveted. 

Well. — Riveted  to  the  bottom  of  each  tank  is  to  be  one  well,  18  in.  in 
diameter  by  12  in.  deep. 

General. — In  general,  each  tank  is  to  be  built  in  a  first-class  workman- 
like manner  throughout,  and  the  work  will  bo  open  at  any  and  all  reason- 
able times  to  inspection,  both  in  the  shop  and  field. 


678  THE  AMERICAN  PETROLEUM  INDUSTRY 

Two  Tanks,  60  ft.  by  16  ft. 

Size  and  Style. — These  tanks  will  be  of  the  vertical,  cylindrical  type, 
sixty  feet  in  diameter  by -fifteen  feet  high  (60  ft.  by  15  ft.),  each  having 
a  nominal  capacity  of  about  7,500  bbl.,  more  or  less,  rated  at  42  gal. 
per  barrel. 

Bottom  and  ShelL — ^The  bottom  of  each  tank  will  be  made  by  using  as 
many  rectangular  plates  as  practical,  about  5  ft.  by  15  ft.,  finishing  at 
the  outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circum- 
ference of  the  bottom  angle. 

The  shell  will  be  constructed  in  three  rings  or  courses,  each  about 
5  ft.  wide. 

MateriaL — ^Each  tank  will  be  built  throughout  of  first-class  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Association 
of  American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used: 

Bottom  rect.  plates  of  ^^4-in.  plate,  weighing  8.25  lb.  per  square  foot. 
Bottom  sketch  plates  of  1^4-in.  plate,  weighing  8.25  lb.  per  square  foot. 
First  ring  of  shell  of  K-i^^-  plate,  weighing  10.2    lb.  per  square  foot. 

Second  ring  of  shell  of  ^2-in.  plate,  weighing  8. 75  lb.  per  square  foot. 
Third  ring  of  shell  of  ^^4-in.  plate,  weighing  8.25  lb.  per  square  foot. 
Roof  of  No.  10   plate,  weighing    5.45  lb.  per  square  foot. 

Angles. — The  shell  of  each  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  3-in.  by  3-in.  by  %-in.  steel  angle,  to  which  the  shell 
and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside 
of  the  shell.  Around  the  top  of  the  shell  of  each  tank,  on  the  outside, 
there  will  be  an  angle  ring  of  2>i-in.  by  2>^-in.  by  ^^-\n,  steel  angle. 
There  will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking. — ^The  plates  in  the  shell  and  roof  of  each  tank 
will  be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
will  be  bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.    All  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — ^The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle  are 
to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry  to 
the  acceptance  of  a  representative,  which  test  shall  be  final  and  con- 
clusive as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and  caulked 
tight  and  dry  in  the  presence  of  a  representative,  who  is  to  accept 
same  from  the  foreman  in  charge  of  the  work  by  a  written  letter  of  ac- 
ceptance to  him.  This  inspection  and  acceptance  is  to  be  final  and  con- 
clusive and  is  to  be  made  promptly  upon  completion  of  the  tank. 
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Painting. — After  completion,  each  tank  ia  to  be  painted  one  ooat  on  the 
outside  with  a  firet-class  quahty  graphite  paint. 

Openings.— Id  the  first  ring  of  the  shell  of  each  tank  there  is  to  be  one 
cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
caat^iron  bolted  cover  complete. 

Roof.— Each  tank  is  to  be  provided  with  a  globe  roof  of  No.  10  steel 
and  ia  to  be  supported  by  ten  trussed  fans  of  2>s-in.  by  2.H-in.  by  ^e-in. 
angle  with  1-in.  round  iron  with  turn-bucldee.  Plates  are  to  overlap 
each  other,  capped  in  the  center  with  a  circular  plate,  60  in.  in  diameter, 
riveted  to  the  outside  top  angle  of  the  tank;  and  there  is  to  be  a  central 
pipe  colunm  of  6-in.  pipe,  eecured  to  top  and  bottom  by  means  of  a  com- 
panion flange. 

The  roof  ia  to  be  provided  with  a  liingcd  manhole,  20  in.  in  diameter. 

Riveting. — The  bottom  of  each  tank  is  to  be  eingle-riveted  with  >f  j- 
in.  diameter  rivets.  The  bottom  angle  is  to  be  single-riveted  to  the 
bottom  and  to  the  shell  with  ^i^-in.  diameter  rivets. 

Each  tank,  with  the  exception  of  the  roof,  is  to  be  riveted  with  Ko-'". 
diameter  rivets;  the  girth  aeama  are  to  be  single  and  the  vertical  seams 
double-riveted.    The  roof  to  be  riveted  with  %-m.  diameter  rivets. 

Welte. — ^Eaeh  tank  ia  to  have  one  suction  well  on  the  bottom,  18  in. 
in  diameter  by  12  in.  deep. 

GeneraL — In  general,  each  tank  is  to  be  built  in  a  firatMilasa  work- 
manlike manner  throughout,  and  the  work  will  be  open  at  any  and 
all  reasonable  times  to  inspection,  both  in  the  shop  and  field. 

One  Tanlc,  60  ft.  by  15  ft.,  Special 

Size  and  Style. — This  tank  will  be  of  the  vertical,  cylindrical  type, 
sixty  feet  in  diameter  by  fifteen  feet  high  (60  ft.  by  15  ft.),  having  a 
nominal  capacity  of  about  7,500  bbl.,  more  or  leas,  rated  at  42  gal.  per 
barrel. 

Bottom  and  Shell. — The  bottom  of  this  tank  will  be  made  by  using  as 
many  rectangular  plates  as  practical,  alwut  5  ft.  by  13  ft.,  fiiiishing  at  the 
outer  edge  with  sketch  platea  trimmed  to  conform  to  the  circumference 
of  the  bottom  angle. 

The  shell  will  be  constructed  in  three  rings  or  courses,  each  about  5  ft. 
wide. 

MateriaL — Tliis  tank  will  be  built  througliout  of  first-class  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accordance 
with  their  respective  specifications  as  adopted  by  the  Association  of 
American  Steel  Jlanufacturera, 

Thicknesses  of  plate  to  be  uaed  in  this  tank: 


Bottom  rect.  platea  of      1^4-in.  plat«,  wei 
Bottom  sketch  plates  of  1^4-in.  plal«, 
First  ring  of  ahell  of  K-'i^-  plate, 


ighing  8.26  lb.  per  square  foot. 
ighing  8  26  lb,  per  square  foot, 
igtiing  10 . 2    lb.  per  square  foot. 
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Second  ring  of  ebell  of  J^a-ict.  plat«,  weighing  8.75  lb.  per  square  foot. 
Third  ring  of  shell  of  ^^^-in.  plate,  weighing  8. 25  lb.  per  equare  foot. 
Roof  plates  No.  6    plate,  weighing    8.25  lb.  per  square  foot. 

An^BB. — The  shell  of  this  tank  will  be  joined  to  tbe  bottom  by  means 
of  an  an^e  ring  of  3-in.  by  3- in.  by  Jg-io.  steel  angle,  to  which  the  ehell 
and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside 
of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  outside, 
there  will  be  an  angle  ring  of  3-in,  by  3-io.  by  ^g-in.  steel  angle.  There 
will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearmg  and  Caulking. — The  plates  in  the  shell  and  roof  of  tbis  tank 
will  be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plat«a 
will  be  bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.     All  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — ^The  bottom  and  first  ring  of  this  tank  are  to  be  fitted  up 
on  horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and 
before  lowering  to  the  permanent  foundation,  the  bottom  and  bottom 
angle  are  to  l>e  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and 
dry  to  the  acceptance  of  a  representative,  which  test  shall  be  final 
and  conclusive  as  far  as  tbe  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  ia  to  be.  tested  when  full  of  water  and  caulked 
tight  and  dry  in  the  presence  of  a  representative,  who  is  to  accept 
same  from  the  foreman  in  charge  of  the  work  by  a  written  letter  of 
acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the'tank. 

Painting. — After  completion,  this  tank  is  to  be  painted  one  coat  on  the 
outside  with  a  first-class  quality  graphite  paint. 

Openings. — In  the  first  ring  of  the  sheU  of  this  tank  there  is  to  be  one 
cast-iron  manhole,  IS  in.  in  diameter,  riveted  on  and  provided  with  a 
castr-iron  bolted  cover  complete. 

Roof. — ^This  tank  is  to  be  provided  with  a  water  top  roof  ot  No.  6 
steel  plates  weighing  8.25  lb.  The  roof  is  to  be  supported  by  an  inter- 
mediate frame  of  8-in.,  18  lb.  I-beams  and  thirty-sis  supports  of  6-in. 
channels;  these  are  to  be  supported  by  one  central  pipe  post,  6  in.  in  dia- 
meter, and  six  intermediate  supports,  4  in.  in  diameter.  The  water  top 
is  to  be  formed  by  extending  the  roof  plates  out  onto  the  top  angle  of  the 
shell  and  curbing  with  an  angle,  5  in.  by  3  in.  by  Jjb  in,,  riveted  on  top  of 
root  plates. 

The  roof  ia  to  be  supplied  with  one  18-in.  diameter  manhole,  made 
flush  with  top. 

Riveting. — The  bottom  of  this  tank  is  to  be  single-riveted,  and  the 
bottom  angle  is  to  be  riveted  to  the  bottom  and  shell. 

This  tank  is  to  be  riveted  throughout  with  Kfl-in-  diameter  rivets, 
spaced  l^i  in.  center  to  center;  the  girth  seams  are  to  be  ungle,  the 
vertical  seams  double-riveted. 
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WelL^Riveted  to  the  bottom  of  the  tank  is  to  be  one  well,  18  in.  in 
diameter  by  12  in,  deep. 

General. — In  general,  this  tank  is  to  be  built  in  a  first-clase  workman- 
like manner  throughout,  and  the  work  will  be  Open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 

One  Acid  Tank 

Size  and  Style,— This  tank  will  be  of  .the  horizontal,  cyhndrical  type, 
seven  feet  in  diameter  by  twenty-five  feet  long  (7  ft.  by  25  ft.),  in  the 
shell. 

ShelL — The  shell  of  this  tank  is  to  be  constructed  in  five  roundabout 
courses,  two  plates  to  each  course. 

Heads.' — The  ends,  or  main  heads,  of  this  tank  will  each  be  in  one 
soUd  plate,  dished  outward  and  flanged-in. 

Matenal.— All  the  steel  plate  and  rivets  entering  into  the  construction 
of  this  tank  will  be  of  the  beat  of  their  several  kinds,  conforming  to  the 
specifications  adopted  as  standard  by  the  Association  of  American 
Steel  Plate  ^Manufacturers.  AH  shell  platea  are  to  be  of  ^a-in.  tank 
steel;  the  main  heads  of  ${e-in.  flange  steel. 

Riveting. — The  longitudinal  seams  are  to  be  double-riveted  and  all 
girth  seams  single-riveted.  The  rivets  throughout  are  to  be  >i  in.  in 
diameter. 

CauUdng  and  Testing. — This  tank  is  to  be  thoroughly  caulked,  both 
inside  and  outuide  when  full  of  water,  and  is  to  be  made  absolutely 
tight  and  dry. 

Openings. — On  the  center  of  the  shell,  on  the  top,  there  will  be  one 
eleven  in.  by  fifteen  in.  (11  in,  by  15  in.)  pressed  steel  manhole  com- 
plete. On  the  main  head  near  the  bottom  there  will  be  one  4^in.  cast- 
iron  pipe  flange  with  the  thread  parallel  to  the  horizontal  line  of  the  tank. 
All  flanges  are  to  be  tajjer-threaded. 

Painting.— After  completion,  this  tank  is  to  be  given  one  coat  of 
graphite  paint  on  the  outside. 

Two  Bleachers,  60  ft.  by  10  ft. 

Size  and  Style. — These  tanks  will  be  of  the  vertical,  cylindrical  type, 
sixty  feet  in  diameter  by  ten  feet  liigh  (60  ft.  by  10  ft.},  each  having  a 
nominal  capacity  of  about  5,000  bbl.,  more  or  less,  rated  at  42  gal.  per 

Bottom  and  Shell. — The  bottom  of  each  tank  will  be  made  by  using 
as  many  rectangular  plates  as  practical,  about  5  ft.  by  15  ft.,  finishing 
at  the  outer  edge  with  sketch  plates  trimmed  to  conform  to  the  circum- 
ference of  the  bottom  angle. 

The  shell  will  be  constructed  in  two  rings  or  courses,  each  about  5  ft. 
wide. 
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MateriaL — ^Each  tank  will  be  built  throughout  of  first-class  quality 
open-hearth  tank  steel,  all  the  plates,  angles  and  rivets  to  be  in  accord- 
ance with  their  respective  specifications  as  adopted  by  the  Association 
of  American  Steel  Manufacturers. 

Thicknesses  of  plate  to  be  used: 

Bottom  rect.  plates  of  No.  6  plate,  weighing  8.25  lb.  per  square  foot. 
Bottom  sketch  plates  of  No.  6  plate,  weighing  8.25  lb.  per  square  foot. 
First  ring  of  shell  of  No.  6  plate,  weighing  8.25  lb.  per  square  foot. 
Second  ring  of  shell  of  No.  6  plate,  weighing  8.25  lb.  per  square  foot. 
Roof  of  No.  10  plate,  weighing  5.45  lb.  per  square  foot. 

Angles. — ^The  shell  of  each  tank  will  be  joined  to  the  bottom  by  means 
of  an  angle  ring  of  3-in.  by  3-in.  by  J^-in.  steel  angle,  to  which  the  shell 
and  bottom  will  each  be  riveted;  the  bottom  angle  is  to  be  on  the  inside 
of  the  shell.  Around  the  top  of  the  shell  of  the  tank,  on  the  outside, 
there  will  be  an  angle  ring  of  2H-in.  by  2H-in.  by  K-in.  steel  angle. 
There  will  be  no  inside  top  angle  unless  expressly  stipulated. 

Shearing  and  Caulking. — ^The  plates  in  the  shell  and  roof  of  each  tank 
will  be  bevel-sheared  and  caulked  on  the  outside,  and  the  bottom  plates 
will  be  bevel-sheared  and  caulked  on  the  inside;  the  angles  will  not  be 
beveled.    All  caulking  is  to  be  done  in  a  careful  workmanlike  manner. 

Testing. — ^The  bottom  and  first  ring  of  each  tank  are  to  be  fitted  up  on 
horses,  the  bottom  and  bottom  angle  riveted  up  and  caulked;  and  before 
lowering  to  the  permanent  foundation,  the  bottom  and  bottom  angle 
are  to  be  tested  by  filling  with  6  in.  of  water,  and  caulked  tight  and  dry 
to  the  acceptance  of  a  representative,  which  test  shall  be  final  and  con- 
clusive as  far  as  the  bottom  and  bottom  angle  are  concerned. 

Upon  completion,  the  shell  is  to  be  tested  when  full  of  water,  and 
caulked  tight  and  dry  in  the  presence  of  a  representative,  who  is  to 
accept  same  from  the  foreman  in  charge  of  the  work  by  a  written  letter 
of  acceptance  to  him.  This  inspection  and  acceptance  is  to  be  final  and 
conclusive  and  is  to  be  made  promptly  upon  completion  of  the  tank. 

Painting. — ^After  completion,  each  tank  is  to.  be  painted  one  coat  on 
the  outside  with  a  first-class  quality  graphite  paint. 

Openings. — ^In  the  first  ring  of  the  shell  of  each  tank  there  Is  to  be  one 
cast-iron  manhole,  18  in.  in  diameter,  riveted  on  and  provided  with  a 
cast-iron  bolted  cover  complete. 

Roof. — ^Each  tank  is  to  be  provided  with  a  globe  roof  of  No.  10  steel 
plate,  and  is  to  be  supported  by  ten  steel  trusses,  supported  by  a  central 
pipe  column  of  6-in.  pipe. 

The  roof  is  to  have  a  rise  of  6  ft.  in  the  center;  the  plates  are  to  overlap 
each  other,  capped  in  the  center  with  a  72-in.  diameter  plate  of  >i-in. 
steel,  and  riveted  to  the  outside  top  angle  of  the  tank. 

Each  tank  is  to  be  provided  with  not  more  than  six  steel  hatchways 
of  standard  dimensions. 
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« 

Riveting. — ^The  bottom  of  each  tank  is  to  be  single-riveted,  and  the 
bottom  angle  is  to  be  riveted  to  the  bottom  and  shell. 

Each  tank  is  to  be  riveted  throughout  with  T^^An,  diameter  rivets, 
spaced  IH  in.  center  to  center,  with  the  exception  of  the  roof,  which  is 
to  be  riveted  with  J^-in.  diame^r  rivets. 

General — In  general,  each  tank  is  to  be  built  in  a  first-class  work- 
manlike manner  throughout,  and  the  work  will  be  open  at  any  and  all 
reasonable  times  to  inspection,  both  in  the  shop  and  field. 

3.  Specifications  for  Two  Refineries  in  Oklahoma  and 

One  in  Texas 

The  following  specifications,  which  are  published  through  the  courtesy 
of  The  Reeves  Brothers  Company,  of  Alliance,  Ohio,  cover  the  materials 
used  in  the  construction  pf  recently  erected  refineries  at  Gushing  and 
Ponca  City,  Oklahoma,  and  at  Gainesville,  Texas.  Each  of  the  first 
two  has  a  refining  capacity  of  4,000  bbl.  of  crude  petroleum  per  day, 
while  the  last-mentioned  has  subsequently  been  enlarged  to  a  capacity 
of  13,500  bbl.  per  day. 

Items  Included 

Two  (2)  tanks,  55,00(>-bbl.  capacity,  115  ft.  diameter  by  30  ft.  high. 

One  (1)  tank,  95  ft.  diameter  by  30  ft.  high. 

Eleven  (11)  tanks,  50  ft.  diameter  by  30  ft.  high. 

Twelve  (12)  run  tanks,  35  ft.  diameter  by  10  ft.  high. 

Three  (3)  bleacher  tanks,  35  ft.  diameter  by  10  ft.  high,  with  ten  (10) 
doors. 

Two  (2)  bleacher  tanks,  35  ft.  diameter  by  10  ft.  high,  one  (1)  door. 

One  (1)  acid  tank,  10  ft.  diameter  by  10  ft.  high. 

One  (1)  caustic  tank,  10  ft.  diameter  by  5  ft.  high,  open  top. 

One  (1)  caustic  tank,  6  ft.  diameter  by  5  ft.  high,  open  top. 

Two  (2)  agitators,  25  ft.  diameter  by  35  ft.  high. 

One  (1)  condenser,  35  ft.  by  16H  ^t-  by  8  ft.  deep. 

Seven  (7)  condensers,  33M  ^t.  by  25  ft.  by  8  ft. 

Six  (6)  condensers,  25  ft.  by  8  ft.  by  4  ft. 

Seven  (7)  sets  condenser  supports  for  33H  ft.  by  25  ft.  by  8  ft. 
condensers. 

One  (1)  condenser  support  for  35  ft.  by  16H  ft.  by  8  ft.  condenser. 

Two  (2)  crude  stills,  12  ft.  diameter  by  35  ft.  long. 

All  the  above  to  be  shipped,  completely  K.  D.,  customer  to  erect. 

Twenty  (20)  stills,  8  ft.  diameter  by  20  ft.  long. 

Eight  (8)  stills,  8  ft.  diameter  by  8  ft.  long. 

Eight  (8)  drums,  30  in.  diameter  by  7  ft.  high. 

Three  (3)  blow  cases,  36  in.  diameter  by  5  ft.  long. 
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All  the  above  material  to  be  shipped  completely  knocked  down,  with 
the  exception  of  the  last  four  items,  which  are  to  be  built  up  complete  at 
plant,  tested,  made  tight  and  shipped  intact. 

MateriaL — Plates. — ^All  plates  shall  be  in  accordance  with  Manufac- 
turers Standard  Specifications  for  the  different  grades. 

Rivds, — All  rivets  to  be  made  of  soft  rivet  steel  in  accordance  with 
Manufacturers  Standard  Specifications. 

Angles,  Bars  and  Forgings. — Angles,  bars  and  forgings  to  conform  to 
Manufacturers  Standard  Specifications. 

Castings. — ^All  iron  castings  shall  be  good  quality  gray  iron. 

All  steel  castings  good  quality  cast  steel,  free  from  blow  holes. 

Workmanship. — ^Workmanship  to  be  first-class  in  every  respect. 

Punching. — ^All  holes  sh^  be  accurately  layed  out  and  punched  true, 
using  punches  He  in.  larger  in  diameter  than  the  diameter  of  rivets 
}i  in.  and  larger,  and  ^3  in.  larger  in  diameter  than  the  diameter  of 
rivets  K«  in*  ^^^  smaller.  Punches  and  dies  shall  be  sharp  and  in  first- 
class  condition. 

Flanging. — ^Flanging  and  dishing  shall  be  well  done  and  in  accordance 
with  best  practice. 

Planing  and  Shearing. — Caulking  edges  shall  be  neatly  planed  or  ro- 
tary bevel-sheared,  as  called  for  in  description  below. 

Scarfing. — ^Lapping  comers  shall  be  carefully  and  neatly  scarfed  and 
chipped  where  necessary. 

Rolling. — Care  shall  be  exercised  in  rolling,  and  plates  must  be  true  to 
required  sweep. 

Fitting. — Before  shipment  is  made,  the  various  parts  shall  be  carefully 
fitted  and  corrections  made  that  may  be  necessary. 

Description 

Two  (2)  Tanks,  115  ft.  Diameter  by  30  ft.  High 

MateriaL — ^Bottom  rectangle,  8.29  lb.  Bottom  sketches,  9.56  lb. 
Bottom  angle,  4  in.  by  4  in.  by  K  in*  First  ring,  21  lb.  Second  ring, 
17.85  lb.  Third  ring,  15.3  lb.  Fourth  ring,  11.47  lb.  Fifth  ring,  10.2 
lb.    Sixth  ring,  8.29  lb.    Top  angle,  3  in.  by  3  in.  by  ^  in. 

Riveting. — Bottom  to  be  single-riveted,  Ke-in.  rivets,  IJ^-in.  pitch. 

Bottom  angle,  single-riveted,   J^-in.  rivets,  2?^-in.  pitch. 

First  ring  verticals,  triple-riveted,  ?i-in.  rivets,  3-in.  pitch. 

Second  ring  verticals,  triple-riveted,  ?i-in.  rivets,  3?^-in.  pitch. 

Third  ring  verticals,  double-riveted,  Ji-in.  rivets,  2J^-in.  pitch. 

Fourth  ring  verticals,  double-riveted,  J^-in.  rivets,  2H-in.  pitch. 

Fifth  ring  verticals,  double-riveted,  Ke-in.  rivets,  IH-in.  pitch. 

Sixth  ring  verticals,  double-riveted,  Ke-in.  rivets,  1^-in.  pitch. 

Top  angle,  single-riveted,  Kc-iii*  rivets,  3-in.  pitch. 
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All  horizontal  seams  single-riveted. 

Fittings. — Tank  to  be  provided  with  one  (1)  20-in.  manhole  in  center 

of  first  ring  with  reinforcing  plate  and  gasket. 

Also  the  following  flanges:  One  (1)  8-in,  flange  shrunk  on  and  riveted 
on  nipple  for  swing  pipe.  Two  (2)  4  in.  straight  thread  flanges,  one  (1) 
5-in.  straight  thread,  two  (2)  2-in.  straight  thread  flanges.  The  two  (2) 
2-in.  straight  thread  to  be  equipped  with  goose  neck  or  steam  bends. 

Tank  to  be  provided  with  370  No.  22  gauge  3&-in.  by  120-io.  steel 
galvanized  sheets  with  the  necessary  2D  galvanized  large  head  roofing 
nails  for  nailing  the  steel  sheets  to  the  roof. 

One  steel  stairs  with  cab  to  be  provided,  also  one  standard  windlass, 
and  four  (4)  S-in.  gal vani zed-iron  gauge  hatches. 

The  necessary  rivets  plus  10  per  cent,  to  be  furnished. 

One  Tank,  95  ft.  by  30  ft. 

MatcriAL— Bottom  rectangle,  8.20  lb.  Bottom  sketches,  S.56  lb. 
Bottom  angle,  4  in.  by  4  in.  by  ^  in.  First  ring,  17.85  lb.  Second 
ring,  15.3  lb.  Third  ring,  11.47  lb.  Fourth  ring,  10.2  lb.  Fifth  ring, 
S.92  lb.    Sixth  ring,  8.29  lb.    Top  angle,  3  in.  by  3  in.  by  %  in. 

Riveting. — Bottom,  single-riveted,  Ks-ii-  rivets,  IH-if-  pitch. 

Bottom  angle,  single-riveted,  Ji-in.  rivets,  2%-\a.  pitch. 

First  ring  verticals,  double-riveted,  %-\a.  rivets,  23i-in.  pitch. 

Second  ring  verticals,  double  riveted,  Hrm-  rivets,  2JS-in.  pitch. 

Third  ring  verticals,  double-riveted,  5i-in.  rivets,   2H-ii'-  pitch. 

Fourth  ring  verticals,  double-riveted,  Ka-i"-  rivets,  IJ^-in.  pitch. 

Fifth  ring  verticals,  double-riveted,  Kg-in.  rivets,  l)^-in.  pitch. 

Sixth  ring  verticals,  double-riveted,  Jia-in.  rivets,  If^-in.  pitch. 

Top  angle,  single-riveted,  Ji'e-in.  rivets,  3-in.  pitch. 

Fittings, ^Tanfc  to  be  provided  with  one  (1)  6-in.  flange  shrunk  on 
nipple  for  swing  pipe.  Two  (2)  4-in.  flanges,  one  (I)  5-in.  flange  and 
two  (2)  2-in.  flanges,  all  straight  threads.  Also  two  (2)  2-in.  steam 
bends,  standard  steel  stairs  with  cab,  one  (1)  20-in.  manhead  with  gasket 
and  reinforcmg  plate. 

270  sheets  No.  22  gauge,  3&-in.  by  120-in.  steel  galvanized  sheets  for 
roofing  and  necessary  2D  large  head  roofing  nails,  and  one  windlass  and 
four  (4)  8-in.  galvanized-iron  gauge  patches. 

Eleven  (11)  Tanks,  50  ft.  Diameter  by  30  ft.  High 

MateriaL — Bottom,  S-29  lb.  plate.  Bottom  angle,  3  in.  by  3  in.  by 
%  in.  First  ring,  11.47  lb.  Second  ring,  10.2  lb.  Third  ring,  8.92  lb. 
Fourth  ring,  8.29  lb.  Fifth  ring,  8.29  lb.  Sixth  ring,  7.65  lb.  Top 
angle,  2H  in.  by  fi,  in. 

Riveting. — Bottom,  single-riveted,  Ko-in-  rivets,  1^^-in.  pitch. 
Bottom  angle,  single-riveted,  H-ia.  rivets,  2-in.  pitch.    First  ring  verti- 
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cals,  double-riveted,  J^-in.  rivets,  2>i-m.  pitch.  Second  and  third  ring 
verticals,  double-riveted,  Ke-in.  rivets,  IH-in.  pitch.  Fourth,  fifth  and 
sixth  ring  verticals,  single-riveted,  yie-m.  rivets,  IH-in.  pitch.  Top 
angle,  single-riveted,  Ke-i^^-  rivets,  3-in.  pitch.  All  horizontal  seams 
single-riveted  throughout. 

Fittings. — Tanks  to  be  provided  with  one  (1)  20-in.  manhole;  one  (1) 
6-in.,  one  (1)  4-in.  and  one  (1)  2-in.  flange  in  first  ring  of  tank,  and  two 
(2)  2-in.  steam  flanges. 

Tank  to  be  provided  with  standard  ladder  on  the  outside. 

Roof. — ^Roof  to  be  umbrella  type  with  a  rise  of  5  ft.  in  the  center. 
Plates  to  be  No.  10  gauge  or  5.45  lb.  Single-riveted,  J^-in.  rivets,  lH-in« 
pitch.  Roof  plates  to  be  sheared  for  caulking  and  to  be  provided  with 
one  (1)  6-in.  pipe  post  in  the  center  and  one  (1)  steel  hatch,  18-in.  square, 
near  the  edge.    Necessary  rivets  plus  10  per  cent,  to  be  furnished. 

Twelve  (12)  Tanks,  35  ft.  Diameter  by  10  ft.  High 

Material. — ^Bottom,  7.32  lb.  Bottom  angle,  3  in.  by  3  in.  by  %  in. 
First  ring,  8.29  lb.    Second  ring,  7.32  lb.    Roof,  5.45  lb. 

Riveting. — ^Tank  to  be  single-riveted  throughout  with  Kc-iJ^-  rivets, 
IH-in.  pitch,  with  the  exception  of  the  roof,  which  will  have  ?^-in. 
rivets,  IH'in.  pitch. 

Roof. — Roof  to  be  provided  with  one  (1)  4-in.  pipe  column  in  the 
center. 

Tank  to  be  provided  with  one  (1)  20-in.  manhead;  one  6-in.,  one  4-in. 
and  one  2-in.  flange,  also  one  18-in.  square  roof  hatch  and  standard 
steel  ladder  on  outside  of  tank. 

Three  (3)  Bleacher  Tanks,  35  ft.  in  Diameter  by  10  ft.  High 

Construction. — To  be  the  same  construction  as  the  35-ft.  by  10-ft. 
run  tanks,  with  the  exception  that  same  will  be  provided  with  ten  doors, 
24  in.  by  36  in.,  on  the  roof. 

Two  (2)  Bleacher  Tanks,  35.  ft.  in  Diameter  by  10  ft.  High 

Construction. — ^To  be  the  same  construction  as  the  35-ft.  by  10-ft. 
run  tanks,  with  the  exception  of  one  door,  24  in.  by  36  in.,  and  one  5-in., 
one  4-in.,  and  one  2-in.  flange. 

One  Acid  Tank,  10  ft.  Diameter  by  10  ft.  High 

Dimensions. — ^Acid  tank  to  be  10  ft.  in  diameter  by  10  ft.  high  in  the 
shell. 

MateriaL — Bottom  made  up  of  two  plates,  J^-in.  or  15.3-lb.,  flanged 
up  for  connection  to  shell. 

Shell  of  acid  tank  to  be  made  up  of  two  rings,  %-in.  or  15.3-lb.  plate. 

Roof  shall  be  made  of  two  plates  No.  8  B.W.G.  Top  angle  to  be 
2H  in.  by  2H  in.  by  Ha  in. 
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Manhead. — One  16-in.  diameter  manhead  with  loose  cover  shall  be 
provided  with  roof. 

Flanges. — Flanges,  plug,  rod,  stuffing  box,  glaod,  levers,  brackets, 
etc.,  will  be  furnished. 

Rjvetliig. — Bottom  cross  seam,  girth  and  verticals  in  acid  tank  shall 
all  be  single -riveted,  ?i-tn,  rivets,  2.4-in.  pitch.  Top  angle  shall  be 
riveted  to  top  ring  of  acid  tank,  %-m.  rivets,  4-in.  pitch.  Root  to  top 
angle,  ?i-in.  rivets,  4-io,  pitch.    Roof  seams,  il^-in.  rivets,  IH-in.  pitch. 

One  (1)  Caustic  Tank,  10  ft.  in  Diameter  by  5  ft.  High, 
Open  Top 

Shell.- — Shell  to  be  made  of  K-in.  or  10.2-lb.  material  throughout. 
Top  angle,  2  In,  by  2  in.  by  >*  in. 

Riveting. — Tank  to  be  single-riveted,  ?£-in.  rivets,  2-in.  pitch  ttirough- 
out,  and  to  lie  provided  with  two  (2)  2-in.  flanges,  located  as  close  to  the 
bottom  as  possible  and  12  in,  apart. 
One  (1)  Caustic  Tank,  6  ft.  Diameter  by  5  ft.  High,  Open  Top 

Material.— To  be  constructed  throughout  of  H-in.  plate.  Top  an^e, 
2  in.  by  2  in.  by  }i  in. 

Riveting.— Tank  to  be  single-riveted  tliroughout,  ?g-in.  rivets,  2-in. 
pitch,  and  to  be  provided  with  two  2-in.  flanges  aa  close  to  bottom  as 
possible,  12  in.  apart. 

Two  (2)  Agitators,  25  ft.  in  Diameter  by  35  ft,  High 

Dimensions.— 25  ft.  inside  diameter  by  35  ft.  high  in  the  shell. 

Material. — -Shell  of  agitator  to  be  made  up  as  follows: 

First  ring  shall  be  of  M-in-  or  20.4-lb,  material. 

Second  ring,  H-in-  or  20.4  lb.  material. 

Third  ring,  »i-ia.  or  15.3-lb. 

Fourth  ring,  ^a-in-  or  I2.75-lb. 

Fifth  and  sixth  rings,  K-in.  or  10.2-lb. 

Shell  to  be  made  in  live  plates  to  each  ring. 

Around  the  bottom  of  the  lirst  ring,  on  both  inside  and  outside,  will  be 
provided  two  O-in.  by  4-in.  by  K-in.  angles  for  riveting  to  the  shell. 

The  cone  bottom  of  agitator  shall  be  made  up  of  ten  (10)  or  more 
sketch  plates  and  one  circular  center  plate  of  ^^-in.  or  20.4-lb.  steel 

Cone  to  drop  aboiit  30°  or  about  7  ft,  2  in.  and  be  flanged  for  connec- 
tion to  shell.  Cone  is  supported  by  ten  (101  or  more  4-in.  wrought-iron 
pipes,  to  be  furnjshed  by  the  purchaser. 

Riveted  to  each  sketch  plate  of  cone  is  a  cast-iron  bracket,  to  receive 
pipe  supports,  also  cast-iron  foundation  plate  for  each  pipe  support. 
To  the  bottom  of  the  oone  is  riveted  one  cast-iron  nozzle,  8  in.  in  diame- 
ter, and  to  tliis  is  bolted  one  (1}  S-in.  cast-iron  flange,  tapped  for  6-in. 
pipe. 
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Roof. — Roof  shall  be  of  umbrella  tjrpe,  Kc-i^i*  or  7.65-lb.,  made  up  of 
sixteen  plates,  fifteen  radial  and  one  (1)  center  plate.  The  rise  of  the 
roof  shall  be  about  30  in.  Roof  to  be  attached  to  the  top  ring  of  agitator 
by  bolting  to  2H-hi'  by  2J^-in.  by  ^^-m.  angle,  which  is  riveted  around 
outside  at  the  top.  Roof  will  have  six  explosion  hatches,  18  in.  square, 
made  up  of  2-in.  by  2-in.  by  yi-in.  angle  with  Jf  e-hi.  plate  cover.  Each 
hatch  will  be  provided  with  door,  properly  attached  to  prevent  hatches 
from  remaining  open  in  case  of  an  explosion. 

Opening. — In  the  first  ring  of  the  agitator  an  opening  will  be  provided 
for  going  in  imder  the  cone,  2  ft.  6  in.  wide  by  6  ft.  6  in.  high,  and  will 
be  reinforced  on  the  inside  by  2-in.  by  2-in.  by  H'^^-  angle,  no  door 
being  provided. 

Balcony. — ^Around  the  agitator,  approximately  3  ft.  2  in.  down  from 
the  top,  will  be  placed  a  balcony,  2  ft.  6  in.  wide,  made  tip  as  follows: 

Floor  shall  be  made  up  of  plank,  1%  in.  thick  by  sketch,  each  plank 
bolted  to  balcony  angle  with  one  bolt  at  each  end. 

Balcony  floor  shall  be  supported  by  fifteen  brackets  made  up  of  2-in. 
by  2-in.  by  K-in.  angle. 

CJonnecting  the  agitator  shell  to  floor  of  balcony,  there  is  a  2-in.  by  2- 
in.  by  >i-in.  angle.  At  outer  edges  of  floor  and  attached  to  bracket  is 
2-in.  by  2-in.  by  H-^n.  angle.  Railing  shall  be  made  up  of  2-in.  by  2-in. 
by  Ji-in.  angle,  fifteen  posts  being  used.  The  bracket  for  the  balcony 
of  this  agitator  is  so  made  that  it  also  iorms  the  posts  for  the  railing. 
The  agitators  are  to  be  placed  50-ft.  centers  and  the  necessary  connect- 
ing steel  platform  with  hand  rail  and  steel  plate  floor  to  be  provided. 
Also  one  steel  stairway  with  sl  IH  in,  angle  iron  hand  rail  on  each  side 
is  to  be  provided,  running  from  the  ground  level  to  the  center  of  the 
platform. 

Flanges. — No  flanges  are  to  be  furnished  with  agitator. 

Riveting. — Bottom  angle  to  first  ring  to  be  double-riveted,  %-in. 
rivets,  6-in.  pitch. 

First  ring  verticals,  double-riveted,  %-in.  rivets,  4-in.  pitch. 

Second  ring  to  first  ring,  single-riveted,  Jg-in.  rivets,  2>^-in.  pitch. 

Second  ring  verticals,  double-riveted,  %-in.  rivets,  4-in.  pitch. 

Third  ring  to  cone,  single-riveted,  %-in.  rivets,  23^-in.  pitch. 

CJone  to  second  ring,  double-riveted,  %-in.  rivets,  3H-in.  pitch. 

Third  ring  verticals,  double-riveted,  J^-in.  rivets,  3H-i^-  pitch. 

Fourth  to  third  ring,  single-riveted,  'J^-in.  rivets,  2>^-in.  pitch. 

Fourth  ring  verticals,  double-riveted,  %-iii.  rivets,  2}^-in.  i)itch. 

Fifth  to  fourth  ring,  single-riveted,  J^-in.  rivets,  2-in.  pitch. 

Fifth  ring  verticals,  double-riveted,  J^-in.  rivets,  2H-in.  pitch. 

Sixth  ring  to  fifth  ring,  single-riveted,  5^-in.  rivets,  2-in.  pitch. 

Sixth  ring  verticals,  double-riveted,  J^-in.  rivets,  2>^-in.  pitch. 

Cone  seams,  double-riveted,  %-in.  rivets,  3H-in.  pitch. 

Roof  seams,  single-riveted,  Ke-in*  rivets,  IJ^-in.  pitch. 
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Top  angle  to  sixth  ringi  ^-in.  rivets,  4-in.  pitch. 

Rivets  shall  be  provided  of  sufficient  length  for  driving  flat  in  the 
skirt  of  the  agitator  and  flat  for  connection  of  cone  to  second  ring; 
countersunk  on  the  inside  of  cone  and  from  cone  up  to  the  top. 

Shearing. — ^All  caulking  edges  shall  be  rotary  bevel-sheared  for  inside 
caulking. 

Shipment — Agitator  to  be  completely  fitted  up  at  works,  match 
marked  and  shipped  knocked  down.    Purchaser  to  erect. 

One  (1)  Condenser  Box 

Dimensions. — ^35  ft.  long,  16  ft.  6  in.  wide  over  all  and  8  ft.  deep; 
divided  into  two  compartments,  8  ft.  wide,  35  ft.  long  and  8  ft.  deep. 

ShelL — Shell  of  condenser  shall  be  made  up  of  Ji-in.  or  10.2-lb. 
S.O.H.  tank  steel  in  three  courses  of  three  plates  each,  three  plates 
being  a  part  of  the  bottom  and  six  plates  forming  the  sides  and  a  part 
of  the  bottom. 

Heads. — Heads  shall  be  made  up  of  seven  plates,  each  flanged  for 
connection  to  bottom  and  end,  and  shall  be  of  H'^^-  or  10.2-lb.  S.O.H. 
tank  steel. 

Partition. — Partition  shall  be  made  up  of  seven  plates,  H-m*  or  10.2- 
lb.  S.O.H.  tank  steel,  and  shall  be  flanged  for  connection  to  bottom  and 
end. 

Top  Angle. — Running  completely  around  the  condenser  box  at  the 
top,  and  on  the  inside  and  across  the  partition,  will  be  a  3-in.  by  3-in.  by 
H'in,  angle  riveted  to  shell,  gusset  plates  being  placed  at  the  comers 
for  stiffening  purposes. 

Vertical  Braces. — On  the  outside,  and  running  from  the  bottom  of  the 
condenser  box  2  in.  above  the  top,  will  be  twenty-six  6-in.,  8-lb.  channel 
stiff eners,  nine  on  each  head  and  four  on  each  end.  Partition  will  also 
be  stiffened  with  nine  6-in.,  8-lb.  channels. 

Cross-ties. — ^Across  the  top  of  the  condenser  box  and  bolted  through 
each  channel  will  be  ?^-in.  by  2-in.  cross-ties. 

Comer  Angles. — At  each  comer  of  each  section  of  the  condenser  will 
be  placed  a  2J^-in.  by  2H-i^*  by  Jic-in.  angle  stiffener. 

Flanges.— On  the  bottom  of  each  section  of  the  condenser,  4  ft.  from 
the  end,  will  be  located  a  4-in.  flange.  In  the  center  of  the  end  of  each 
section  and  as  near  the  bottom  as  possible  will  be  located  a  3-in.  flange. 
At  the  upper  comer  of  each  section  in  the  end  will  be  located  a  3-in. 
flange. 

Riveting. — ^All  seams  which  are  required  to  be  water-tight  will  be 
punched  for  Ke-iii-  rivets,  l^-in.  pitch.  Top  angle  will  be  punched 
^or  Ke-in.  rivets,  4-in.  pitch.  Pitch  of  rivets  in  vertical  stiffeners  will 
vary  from  3  in.  to  6  in.  in  different  places. 
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Shearing. — All  plates  to  be  rotary  bevel-eheared  for  both  inside  and 
outside  caulking. 

Shipment — ^After  completion,  condenser  box  shall  be  shipped  in  a 
completely  knocked-down  state,  properly  match  marked  for  purchaser 
to  erect. 

Seven  (7)  Condenser  Boxes 


ft.  6  in.  long,  25  ft.  wide  over  all,  8  ft.  deep,  divided 
into  four  compartments,  8  ft.  wide,  25  ft.  long,  8  ft.  deep. 

Shell. — Shell  of  condenser  shall  be  made  up  of  yi-in.  or  10.2-lb.  S.O.H. 
tank  steel,  in  seven  courses  of  three  plates  each,  seven  plates  being  a  part 
of  the  bottom  and  fourteen  plates  forming  the  sides  and  part  of  the 
bottom. 

Heads. — ^Heads  shall  be  made  up  of  five  plates  each,  flanged  for 
connection  to  the  bottom  and  end,  and  shall  be  made  of  ^-in.  or  10.2-Ib. 
S.O.H.  tank  steel. 

Partitions. — Partitions  shall  be  made  up  of  five  plates  each,  yi-\n, 
or  10.2-lb.  S.O.H.  tank  steel,  and  shall  be  flanged  for  connection  to 
bottom  and  ends. 

Top  Angle. — Running  completely  around  the  condensing  box  at  the 
top,  and  on  the  inside  and  across  each  partition,  will  be  a  3-in.  by  3-in.  by 
H-in.  angle  riveted  to  the  shell,  gusset  plates  being  placed  at  the  corners 
for  stiffening  purposes. 

Vertical  Braces. — On  the  outside,  and  running  from  the  bottom  of  the 
condensing  box  to  2-in.  above  the  top,  will  be  thirty  6-in.,  8-lb.  channel 
stififeners,  eight  on  each  end  and  seven  on  each  head.  Each  partition 
will  also  be  stiffened  with  seven  6-in.,  8-lb.  channels. 

Cross-ties. — ^Across  the  top  of  the  condensing  box  and  bolted  to  each 
channel  will  be  Jg-in.  by  2-in.  cross-ties. 

Comer  Angles. — At  each  comer  of  each  section  of  the  condenser  will 
be  placed  2>^-in,  by  2J^-in.  by  ^^-in,  angle  stiffencrs. 

Flanges. — On  the  bottom  of  each  section  of  the  condenser,  4  ft.  from 
the  end,  will  be  located  a  4-in.  flange.  In  the  center  of  the  end  of  each 
section  and  as  near  the  bottom  as  possible  will  be  located  a  3-in.  flange. 
At  the  upper  corner  of  each  section  in  the  end  will  be  located  a  3-in. 
flange. 

Riveting. — All  seams  which  are  required  to  be  water-tight  will  be 
punched  for  Ke-iii-  rivets,  IH-in.  pitch.  Top  angle  will  be  punched  for 
J{(j-in.  rivets,  4-in.  pitch.  Pitch  of  rivets  in  vertical  stiffeners  will  vary 
from  3  in.  to  6  in.  at  different  places. 

Shearing. — ^All  plates  to  be  rotary  bevel-sheared  for  both  inside  and 
outside  caulking. 

Shipment — After  completion,  condensing  box  shall  be  shipped  in  a 
completely  knocked-down  state,  properly  match  marked  for  purchaser  to 
erect. 
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Six  (6)  Condenser  Boxes 

Dimensioas. — 25  ft.  long,  8  ft.  wide,  4  ft.  deep,  inside  dimenBions. 

ShelL— Shell  of  condenser  ^hall  be  of  No.  6  or  8.29-lb.  S.O.II.  tank 
steel  and  shall  be  made  up  of  five  courses  of  one  plate  each,  each  plate 
forming  the  side  and  bottom. 

Heads. — Each  head  of  the  condenser  will  be  formed  of  one  plate  No.  6 
or  8.29-Ib.  S,0,H.  tank  steel,  flanged  for  connection  to  Bhell. 

Top  Angle. — Running  completely  around  the  condenser  on  the  top 
and  on  tiie  outside  will  be  a  3-in.  by  3-in.  by  }^-in.  angle,  riveted  to  the 
shell,  gusset  plates  being  placed  at  the  corners  for  ."ttifTening  purposes. 

CroBS-ties. — -Across  the  top  and  equally  spaced  will  be  two  cross-ties, 
J4-in.  by  2!^-in.,  bolted  to  top  angle  at  each  side  with  %-\r..  bolts. 

Flanges. — On  the  bottom,  4  ft.  from  the  end,  as  near  the  side  as  pos- 
sible, will  be  located  one  4-in.  flange.  On  the  end,  as  near  the  bottom 
as  possible,  will  be  one  3'in.  flange. 

Riveting.— 'All  seams  which  it  is  necessary  to  have  water-tight  will 
be  punched  for  ?f  fl-'n-  rivets,  1  J^-in.  pitch.  Top  angle  will  be  punched 
tor  >ffl-in.  rivets,  4-in.  pitch. 

Shearing. — All  plates  to  be  rotary  bevel-sheared  for  inside  and  out- 
side caulking. 

Shipment. — After  completion,  condenser  shall  be  shipped  in  a  com- 
pletely knocked-down  state,  properly  match  marked  for  purchaser  to  erect. 
Seven  (7)  Condenser  Supports 

Seven  condenser  supports  for  33H-ft.  by  25-ft.  by  S-ft.  condensers 
(see  Fig.  263). 

One  (1)  Condenser  Support 

One  condenser  support  for  35-ft.  by  16)^-ft.  by  S-ft.  condenser. 

Two  (2)  Crude  Oil  Stills 

Dimensions. — 12  ft.  inside  diameter  of  outside  top  course  by  35  ft. 
long  in  the  shell. 

ShelL — Shell  of  still  shall  be  made  up  as  follows: 

Bottom. — Bottom  shall  he  made  up  of  two  plates,  J^  in.,  or  20.4  lb.,  by 
109  in.  wide,  still  bottom  steel.  Plate  toward  front  to  be  25  ft.  long; 
plate  toward  the  back  10  ft.  long. 

RoundabouLs. — Remainder  of  the  shell  forming  the  sides  and  top  of  still 
shall  be  made  up  of  five  plates,  running  girth-ways,  of  %-\n.  or  15.3-lb. 
S.O.H.  tank  steel. 

Heads. — Heads  of  stills  shall  be  made  up  of  two  plates  each,  12-in- 
or  20.4-lb.  flange  steel,  and  shall  be  dished  to  15-ft.  6-in.  radius  and 
flanged  for  connection  to  shell. 

Dome. — There  shall  he  one  dome,  36  in.  diameter  by  36  in.  high, 
located  in  center  of  the  center  top  course.  Dome  shall  be  made  up  of 
^-in.  or  15.3-lb.  flange  steel  and  shall  be  flanged  for  connection  to  shell. 
The  head  for  dome  shall  be  of  ^-in.  or  16,3-lb.  flange  steel  and  be 


■^ 
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dished  and  flanged  for  connection  to  dome  shell.  To  the  dome  head  will 
be  riveted  one  10-in.  steel  flange. 

Neck  Manheads. — ^To  the  front  and  back  heads  of  still  will  be  attached 
one  20-in.  neck  manhead  made  up  of  ^-in.  or  15.3-lb.  flange  steel.  Man- 
heads  will  be  equipped  with  cover  properly  faced  and  made  of  9{t'^' 
plate  and  fastened  to  the  collar  (which  is  riveted  to  the  neck  and  also 
faced)  with  twenty-eight  J^-in.  square  neck  bolts.  Manheads  will  also 
be  provided  with  crane  for  canying  cover. 

Yoke  Manhead. — ^Each  still  will  have  one  18-in.  yoke  manhead,  located 
36-in.  from  back  end.  Ring  and  cover  of  manhead  shall  be  of  cast  iron. 
Yoke  eyes  and  handles  shall  be  steel  forgings. 

Liigs.^— Each  still  shall  have  sixteen  cast-iron  lugs,  eight  on  each  side. 
Each  lug  shall  be  riveted  to  shell  with  ten  J^-in.  rivets. 

Flanges. — ^Each  still  will  be  provided  with  the  following  flanges: 

One  5-in.,  located  on  top.  One  2-in.,  located  on  top.  One  1-in.,  on  side 
of  dome  toward  front  end.  One  10-in.,  on  top  of  dome.  One  3-in.,  for 
tar  plug.    Two  IH-in.,  on  rear  head.     One  IJi-in.,  on  rear  head. 

Tar  Plug. — ^Each  still  will  be  provided  with  a  3-in.  tar  plug  with  rod, 
brackets,  handles  and  levers  for  operating  same  from  back  end  of  still; 
suitable  stufi&ng  box  and  gland  shall  also  be  provided  on  top  of  still  for 
lifting  rod  to  pass  through. 

Riveting. — ^All  rivets  shall  be  Ji-in.  diameter.  All  longitudinal  seams 
shall  be  double-riveted,  2.76-in.  pitch.  Cross  seams  of  head  shall  be 
double-riveted,  2.76-in.  pitch.  Head,  double-riveted  to  shell,  2J^-in. 
pitch.  Girth  seams,  double-riveted,  2^-in.  pitch.  Dome  to  shell, 
double-riveted,  2Ji-in.  pitch.  Remainder  of  dome,  single-riveted,  Ji-in. 
rivets,  2>i-in.  pitch.  All  rivets  will  be  provided  of  sufficient  length  for 
driving  full  head  on  the  outside  of  still  with  the  following  exceptions: 
Lugs,  the  rivets  for  which  will  be  provided  of  sufficient  length  for  driving 
flat  on  the  inside;  also  neck  manhead,  yoke  manhead  and  stuffing  box. 

Shearing. — ^AU  seams  shall  be  rotary  bevel-sheared  for  outside  caulk- 
ing. Punched  out  holes  for  yoke  manhead,  neck  manhead,  etc.,  shall  be 
neatly  bevel-chipped  for  caulking. 

Shipment — ^After  completion,  stills  shall  be  shipped  in  a  completely 
knocked-down  condition,  properly  match  marked  for  purchaser  to  erect. 

Twenty  (20)  Crude  Oil  Stills 

• 

Dimensions. — 8  ft.  inside  diameter  of  outside  top  course  by  20  ft.  long 
in  the  shell. 

Shell. — Shell  of  still  shall  be  made  up  as  follows : 

Bottom. — Bottom  shall  be  made  up  of  one  plate,  J^-in.  or  20.4-lb. 
by  99-in.  wide,  still  bottom  steel. 

RoundcibotUs. — Remainder  of  the  shell  forming  the  sides  and  top  of 
still  shall  be  made  up  of  three  plates,  running  girth-ways,  of  K-in.,  or 
15.3-lb.,  S.O.H.  tank  steel. 
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Beads. — Heads  of  stills  shall  be  nmde  up  of  one  plat*,  each  H-'n.,  or 
20.4-lb.,  flange  steel,  and  shall  be  dished  to  9-ft.  2-in.  radius  and  flanged 
for  connection  to  shell. 

Dome. — There  shall  be  one  .dome,  24  in.  diameter  by  20  in.  high,  lo- 
cated in  center  of  the  center  top  course.  Dome  shall  be  made  up  of 
^-in.,  or  15.3-lb.,  flange  steel,  and  shall  be  flanged  for  connection  to  shell. 
The  head  for  dome  shall  be  of  %-in.,  or  15.3-lb.,  flange  steel  and  be 
dished  and  flanged  for  connection  to  dome  shell.  To  the  dome  head 
will  be  riveted  one  S-in.  atecl  flange. 

Neck  Manheads.^To  the  front  head  of  still  will  bo  attached  one  20-in. 
neck  maahead,  made  up  of  3g-in.,  or  15.3-lb.,  flange  steel.  Manhcad  will 
be  eqtupped  with  cover,  properly  faced  and  made  of  Jfn-in.  plate,  and 
fastened  to  the  collar  (which  is  riveted  to  the  neck  and  also  faced)  with 
twenty-eight  Ji-in.  square  neck  bolts,  Manhead  will  also  be  provided 
with  crane  for  carrying  cover. 

Yoke  Manhead. — Each  still  will  have  one  18-in.  yoke  manhead,  located 
35  in.  from  back  end.  Ring  and  cover  of  manhead  shall  be  of  cast  iron. 
Yoke  eyes  and  handles  shall  be  steel  forgings. 

Lugs. — Each  still  shall  have  twelve  cast-iron  lugs,  six  on  each  side. 
Each  lug  ahall  be  riveted  to  shell  with  ten  Jg-in.  riveta. 

Flanges. — Each  still  shall  be  provided  with  the  following  flanges: 

One  5-in.,  located  on  top.  One  2-in.,  located  on  top.  One  1-in.,  onside 
of  dome  toward  front  end.  One  8-in.,  on  top  of  dome.  One  3-in.,  for 
tar  plug.  Two  1  H'i^-i  on  rear  head.  Two  5-in.  C.S.  vapor  flanged,  on 
rear  head.  One  1-in.  flange,  on  front  head,  1  ft.  from  bottom  and  1  ft. 
from  M.H. 

Tar  Plug.— Each  still  will  be  provided  with  a  3-in.  tar  plug  with  rod, 
brackets,  handles  and  levers  for  operating  same  from  back  end  of  still; 
auitable  stuffing  box  and  gland  shall  also  be  provided  on  top  of  still  for 
lifting  rod  to  pass  through. 

Riveting. — All  rivets  shall  be  ^  in.  diameter.  All  longitudinal  seams 
shall  be  double-riveted,  2.r6-in.  pitch.  Head,  double-riveted  to  shell, 
2Ji-in.  pitch.  Girth  seams,  double-riveted,  2Ji-in.  pitch.  Dome  to 
shell,  double-riveted,  2Ji-in.  pitch.  Remainder  of  dome,  single-riveted, 
Ji-in.  rivets,  2H-in.  pitch.  All  rivets  will  be  provided  of  suflioient 
length  for  driving  full  head  on  the  outside  of  still,  with  the  following  ex- 
ceptions: Lugs,  the  rivets  for  which  will  be  provided  of  sufficient  length 
for  driving  flat  on  the  inside;  also  neck  manhead,  yoke  manhead  and 
stuffing  box. 

Shearing, — All  seams  shall  be  rotary  bevel-sheared  for  outside  caulk- 
ing. Punched  out  holes  for  yoke  manhead,  neck  manhead,  etc.,  shall 
be  neatly  bevel-sheared  for  caulking. 

Shipment — Stills  shall  be  shipped  built  up  complete,  with  possible 
exception  of  the  drum,  which  the  railroad  company  may  require  to 
be  left  off. 
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Eight  (8)  Steam  Stills 

Dimensions.— Stills  shall  be  8  ft.  inside  diameter  by  8  ft.  long  in  the 
shell,  with  dished  heads  (see  Fig  242). 

MateiiaL — Heads  ta  be  made  up  of  Jie-in.,  or  12.75-lb.,  plate,  flanged 
and  dished  for  riveting  to  shell  of  still.  Shdl  of  still  shall  be  made  up 
of  one  ring,  Hrm.^  or  10.2-lb.,  plate. 

Manheada. — Each  still  will  have  one  18-in.  yoke  manhead  located  on 
top,  2  ft.  back  from  one  end.  Ring  and  cover  of  manhead  shall  be  of 
cast  iron.    Yoke  eyes  and  handles  shall  be  of  steel  forgings. 

Flanges. — ^The  following  flanges  are  fiurnished  with  still: 

One  2-in.,  located  on  shell  on  bottom. 

Two  2-in.,  located  on  shell  on  top. 

One  8-in.,  located  on  top  of  shell  above  the  center. 

Two  4-in.,  located  on  one  head. 

One  still  to  have  two  1-in.  flanges,  located  16  in.  from  the  top  and  bot- 
tom of  head  with  the  4-in.  flanges. 

All  stills  to  have  1-in.  flange  on  same  head  as  4-in. 

Riveting. — ^The  heads  of  stills  to  be  single-riveted  with  J^-in.  rivets, 
2-in.  pitch.  Longitudinals  to  be  double-riveted  with  J^-in.  rivets,  2J^- 
in.  pitch.    Rivets  will  be  driven  full  heads. 

Shearing. — ^All  plates  to  be  rotary  bevel-sheared  for  inside  and  out- 
side caulking. 

Shipment. — After  completion,  stills  will  be  shipped  completely  built 
up. 

Painting. — Stills  to  be  given  one  coat  of  paint  on  the  outside  before 
shipment. 

Eight  (8)  Steam  Still  Drums 

Eight  steam  still  drums,  30  in.  diameter  by  7  ft.  high,  to  have  neces- 
sary 8-in.  and  1  J^-in.  flanges  and  baffle  plates  as  called  for  (see  Fig.  249). 

Three  (3)  Blow  Tanks 

Dimensions. — Blow  tanks  shall  be  36-in.  inside  diameter  by  60-in. 
long  in  the  shell. 

Shell. — Shell  of  blow  tanks  to  be  made  up  of  one  course  H-^^-y  or 
10.2-lb.,  S.O.H.  tank  steel. 

Heads. — Heads  shall  be  made  up  of  one  plate,  each  Jfe-i^-j  or  12.75- 
lb.,  S.O.H.  tank  steel,  and  shall  be  dished  and  flanged  for  connection 
to  shell.  One  head  will  be  backed  in,  thus  not  making  a  manhead 
necessary. 

Flanges. — One  2-in.  flange  shall  be  located  on  the  top  near  one  end. 
One  2-in.  flange  shall  be  located  on  the  bottom  near  the  opposite  end. 

Riveting. — Longitudinal  seams  shall  be  double-riveted,  %-in.  rivets, 
2H-in.  pitch.  Heads  to  shell  shall  be  single-riveted,  J^-in.  rivets,  2-in. 
pitch. 
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Shearing. — ^Plates  shall  be  rotary  bevel-fiheared  for  outside  caulkmg.* 

Caulkmg. — ^Blow  tanks  shall  be  well  caulked  with  a  round  nose  caulk- 
ing tool. 

Testing. — Blow  tanks  shall  be  tested  and  made  water-tight  at  100  lb. 
pressure. 

Shipment — ^After  completion,  blow  tanks  shall  be  shipped  built  up,  all 
complete. 

RESERVOIRS 

Concrete-lined  earthen  reservoirs  are  used  for  the  storage  of 

petroleum  in  the  Mid-Continent,  Gulf  and  California  fields. 

Fig.  212  gives  the  details  of  construction  of  a  typical  reservoir 

in  the  Kern  River  field,  Cal.    The  specifications  of  this  750,000- 

bbl.  reservoir  were  as  follows: 

Diameter  at  bottom 462  ft. 

Diameter  at  top 628  ft. 

Depth 22  ft. 

Inside  slope 1^  horizontal,  1  vertical 

Outside  slope \yi  horizontal,  1  vertical 

Top  of  embankment 11  ft. 

Slope  of  top 6  in.  in  11  ft. 

Area  of  bottom 167,600  sq.  ft. 

Area  of  inside  slope 61,600  sq.  ft. 

Total  area  inside 229,200  sq.  ft. 

Capacity  of  tank 760,000  bbl.  (42  gal.) 

The  costs  were: 

Total  cost,  per  barrel  capacity,  to  build  reservoir.  $0. 10  to  $0. 11 

Labor: 

Earthwork  (per  yard) $0.30  to  $0.60 

Concrete  (per  yard) 0 .  70  to   0 .  80 

Roofing  per  M 6.00  to   6.00 

TANKS 

Steel  tankage  for  oil  storage  is  usually  of  the  following 
dimensions: 


Capacity 

Diameter 

Hfiiffht 

65,000  barrels 

114  ft.  6  in. 

• 

30  ft. 

37,000  barrels 

94  ft.  0  in. 

30  ft. 

30,000  barrels 

86  ft.  0  in. 

30  ft. 

20,000  barrels 

70  ft.  0  in. 

30  ft. 

20,000  barrels 

77  ft.  0  in. 

26  ft. 

10,000  barrels 

49  ft.  7  in. 

30  ft. 

10,000  barrels 

64  ft.  0  in. 

25  ft. 

6,000  barrels 

43  ft.  0  in. 

20  ft. 
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There  is  considerable  variation  in  specifications  and  cost.  The 
following  specifications  represent  probably  the  heaviest  and  most 
substantial  construction  of  a  55|00O-bbl.  tank  with  steel  roof. 

Dimensions. — One  hundred  and  fourteen  feet  six  inches  (114 
ft.  6  in.)  diameter  by  thirty  feet  (30  ft.)  high 

Thickness  of  Material  and  Riveting, — 


Description  of  part 

Diameter  of  rivets 

Rows  of  rivets 

Ring 

Dimensions, 
pounds  per 
square  foot 

Vertical 
inches 

Horisontal, 
inches 

Vertical 

Horizontal 

First 

Second 

Third 

Fourth 

Fifth 

Sixth 

23 
19 
14 
12 
10 
8 

y* 

H 
H 
H 

y* 

H 

% 

H 
H 

Triple 

Triple 

Double 

Double 

Single 

Single 

Single 
Single 
Single 
Single 
Single 
Single 

Bottom  sketch  plates,  No.  4  gauge,  ^-in.  rivets,  single. 
Bottom  rectangular  plates,  No.  6  gauge,  ^-in.  rivets,  single. 
Bottom  angles,  4-in.  by  4-in.  by  J^-in.,  ?i-in.  rivets,  single. 
Top  angles,  2J^-in.  by  2J^-in.  by  J^^-in.,  Ke-"^-  rivets,  single. 


Description 
of  part 

Steel,  thickness 

Rivets, 
vertical  seams 

Rivets, 
horisontal  seams 

First  ring 

He  in. 

J/i  in.  triple 

^i  in.  single 

Second 

^^6  in. 

%  in.  triple 

^i  in.  single 

Third 

1J^2  in. 

Ji  in.  double 

%  in.  single 

Fourth 

He  in. 

Jl  in.  double 

51  in.  single 

Fifth 

Kin. 

J{(j  in.  double 

%6  in.  single 

Sixth 

K2in. 

^  in.  single 

Jl  in.  single 

Bottom 

Jim. 

M  in.  sinRle 

Top  angles,  3>^-in.  by  SJ^-in.  by  ?^-in.,  Ke-in.  rivets,  single. 
Bottom  angles,  4-in.  by  4-in.  by  K-in.,  ?i-in.  rivets,  single. 
Roof,  H'in.  thick,  He-in.  rivets,  single. 


The  cost  of  such  tanks,  including  grading  and  piping,  is  shown 
by  a  contract  at  Coalinga,  Cal.,  in  1913  to  be  $0,346  per  barrel 
(20  tanks,  $380,000).    Lighter  tanks  with  wooden  roofs^  are  more 

*  Steel  roofs  are  sometimes  installed  on  refinery  tanks,  but  wooden  roofs 
are  frequently  used  both  in  the  refinery  and  in  the  field. 
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common  and  cost  23  cts.  to  25  eta.  per  barrel,  plus  the  founda- 
tion cost.  Solid  earth  foundation  is  necessary  to  prevent  seams 
from  openiag. 

The  Hammond  Iron  Works,  of  Warren,  Pa,,  has  courteously 
supplied  the  following  dimensions  and  specifications  for  tankage. 


LND    SpECIFICATIONB 

FOR  Tahkaob 

(42-g.l.  Bbl.l 
Noininal  upacity  In  birr^b 
Aotuul  cupncity  in  burrel* 
Diimeler  of  Unkinleet... 

Heigbt  of  Unk  in  (eel 

>Iuinb«o!rinB.InrfiBll.-- 
TbicknoB     of     flint      rinc 

Thici.n«.'*nf'.^ondring 

= 

63 

' 

1 

2 

160 
iss 

11 
axw 

12 

201 

12 
10 
2 

T 

8 
SXIi 

2XM 

10 
2 

7 

IXH 

2XM 

111 

"i 

2 

7 
8 

S 
3XM 

3XM 
12 

358 

18 

8 

2XH 
2XM 

12 

4M 

17 

Tliiolinc™    ot    third    tini 

Thi.kn™   rf  bcttan.   rin, 

B.W.Q 

Siis  of  bottom  loile  iron . .  . 

8iiB  nt  top  »tiBle  iron 

ThicknoiofBhHtifDrtiKbt 

8 

3XM 

3XM 

s 

axM 

IXM 

8 

2HX 

«■ 

axK 

ThitkoeB  of  •h«U  for  tigbt 

12 

,. 

L 



Height  of  tank  in  [«t. 
Number  ot  riDK>  i 
ThickoHMi  of  flrit 


hell.  . 


IV  .0... 


ringB.W.a... 
ot  third  rini  B.W.Q.,,, 
of  four tb  ring  B.W.G... 

of  filth  ring  B.W.G 

of  bottom 

LtoB  nagU  iron 
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(42-gal.  Bbl.) 

Nominal  capacity  in  barrela; 

Actual  capacity  in  barrels 

Diameter  of  tank  in  feet 

Heicht  of  tank  in  feet 

Number  of  rings  in  shell 

Thickness  of  first  ring  B.W.Q 

Thickness  of  second  ring  B.W.O 

Thickness  of  third  ring  B.W.Q 

Thicknees  of  fourth  ring  B.W.G 

Thickness  of  fifth  ring  B.W.Q 

Thickness  of  sixth  ring  B.W.G 

Thickness  of  bottom  B.W.G 

Sbe  ot  bottom  angle  iron.  • 


Sise  of  top  angle  iron 

Thickness  of  sheets  for  light  nailed  roof 
Thickness  of  sheets  for  tight  roof 


15.000 

15,235 

66 

25 

5 

3 

3 

4 

5 

6 


6 
ZXH 

2XH 
24 
12 


20,000 

20.199 
76 
25 

5 

2 

3 

4 

5 

6 


6 

3XH 

2XH 
24 
12 


25.000 

25.531 

78 

30 

6 

2 

3 

4 

5 

6 

7 

6 
3XH 

2XM 
24 

10 


30.000 

31.037 

86 

30 

6 

0 

1 

2 

3 

4 

5 

6 
4XW 

2XH 
24 

10 


35,000 
35.520 
'92 
30 
6 
00 
0 
1 
2 
8 
4 
6 
4XVi 

2XH 
24 
10 


40.000 
40.304 
98 
30 
6 
00 
00 
0 
1 
2 
3 
5 
4JiX 
\i 
2XH 
24 
10 


50.000 
50.778 
110 
30 
6 
000 
00 
0 
1 
2 
3 
5 
4HX 

yi 

2XH 
24 

10 


The  following  is  a  copy  of  the  standard  specifications  in  general 
use  by  oil  tank  builders. 

Spbcifications 

Accompan3ring  and  forming  part  of  proposal  for  two  steel  storage  tanks. 

Dimensions. — 95  ft.  in  diameter  by  30  ft.  high. 

Capacity.— 37,878  bbl.  of  42  gal.  each. 

Plates. — ^Plates  in  general  to  be  best  grade  of  class  "A"  steel.  Plates 
requiring  forging  or  flanging  to  be  soft  open- hearth  or  flange  steel  quality. 

Structural  Shapes. — ^Angles  and  structural  shapes  to  be  manufactur- 
ers' standard  specifications  of  medium  steel. 

Castings. — ^All  cast-iron  parts  to  be  good  quality  gray  iron.  Steel 
castings  to  be  of  good  quality  open-hearth  or  basic  steel  and  free  from 
injurious  defects. 

Construction. — Bottom  rectangular  plates,  8.29  lb.  per  square  foot, 
single-riveted,  ^i^-in,  rivets,  IJ^-in.  pitch. 

Bottom  sketch  plates,  9.56  lb.  per  square  foot,  single-riveted,  Kc-iii 
rivets,  IH-in.  pitch. 

Bottom  angle,  4  in.  by  4  in.  by  H  in-i  single-riveted,  Ji-in.  rivets, 
2.4-in.  pitch. 

First  ring  plates,  17.85  lb.  per  square  foot, 
riveted,  Ji-in.  rivets,  2i>i(j-in.  pitch. 

Second  ring  plates,  15.3  lb.  per  square  foot, 
riveted,  J^-in.  rivets,  2Jg-in.  pitch. 

Third  ring  plates,  11.47  lb.  per  square  foot, 
riveted,  J^-in.  rivets,  2H-iu.  pitch. 

Fourth  ring  plates,  10.2  lb.  per  square  foot, 
riveted,  Ke-iu.  rivets,  IH-iu.  pitch. 


Vertical  seams,  double- 
Vertical  seams,  double- 
Vertical  scams,  double- 
Vertical  seams,  double- 
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Fifth  ring  plates,  S.92  lb.  per  square  foot.  Vertical  seams,  double- 
riveted,  Jia-in-  rivets,  IJ^-in.  pitch. 

Sixth  ring  plates,  8.29  lb.  per  square  foot.  Vertical  seams,  double- 
riveted,  Ks-in.  rivets,  l^-u^.  pitch. 

Shell  to  be  constructed  of  19  plates  to  each  ring.  All  horizoatal 
seams,  single-riveted. 

Top  angle  to  be  2>^  in.  by  2>j  in.  by  Jie  in.,  single-rivtfled,  Ka-hi- 
rivets,  IH-in.  pitch. 

Manhole. — One  steel  manhole,  20  in.  in  diameter,  in  center  of  first  ring. 

Flsnges. — The  following  flanges,  or  their  equal  in  monetary  value,  to 
be  furnished:  two  6-in.,  one  4-in.,  two  2-in. 

Location  of  above  flanges  to  be  furmshed  by  the  customer  within  ten 
days  from  date  of  signing  contract. 

Ladder. — No  ladder  to  be  furnished. 

Swiog-pipe. — Tank  to  be  furnished  with  a  6  in,  diameter  swing-pipe, 
ouratandard,  complete  with  wire  rope  and  nindlass,  inctudinggate  valve. 
Windlass  to  be  located  on  roof  of  tank  near  the  side  and  to  be  gaa-tight. 
Valve  to  be  Ludlow  IBDM  valve. 

Stairs. — Standard  steel  stairs  to  be  furnished. 

Paint. — Paint  to  be  good  quality  red  metallic. 

Punching. — All  holes  to  be  accurately  laid  out  and  punched  true,  using 
punches  }{e  in.  larger  in  diameter  than  the  rivets. 

Shearing. — All  edges  that  require  caulking  are  to  be  carefully  beveled. 

Riveting. — Rivets,  where  possible,  are  to  be  driven  cold.  Rivets 
$i-in.  and  larger  to  be  driven  hot.  All  shell  rivets  to  be  driven  flat, 
heads  on  the  outside.  All  bottom  rivets  to  be  driven  fiat,  heads  on  in- 
side of  bottom. 

Spacing  of  rivets  to  be  such  as  will  guarantee  the  tank  when  completed 
to  withstand  safely  all  internal  pressure  when  filled  with  oil. 

Caulking.— All  seams  to  be  well  caulked,  metal  to  metal. 

Testing. — Purchaser  to  furnish  free  of  cost,  promptly  when  desired 
by  seller,  water  in  sufficient  quantity  to  insure  quick  filling,  piped  into 
each  piece  of  equipment  for  testing,  or  any  other  purpose.  Any  delays 
in  furnishing  water  for  test,  the  purchaser  to  pay  field  foreman's  wages 
during  such  delay. 

When  test  has  been  made,  purchaser  shall  accept  each  piece  of  equi[>- 
ment  in  writing,  such  acceptance  to  be  final. 

In  the  event  purchaser  falls  to  furnish  water  for  testing  as  stated  above 
and  the  equipment  has  been  completed,  it  will  then  be  understood  that 
same  will  be  accepted  without  test. 

Painting.— After  completion,  theoutsideofshellistobegiventwocoata 
of  red  metallic  paint. 

Foundations, — Solid  and  level  foundations  no  less  than  10  ft.  greater 
than  sise  of  equipment  to  be  furnished  by  the  purchaser  and  there  shall 
beat  least  6  ft.  clearance  outside  of  any  part  of  the  equipment.    Founda- 


I 
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tions  not  to  be  over  2  ft.  above  the  level  of  the  surrounding  ground,  same 
to  be  ready  when  needed  by  the  seller.  Purchaser  to  notify  seller  in 
writing  ten  days  prior  to  completion  of  foundation.  If  foundations  are 
not  ready  on  arrival  of  field  foreman,  purchaser  to  pay  field  foreman's 
wages  for  such  time  as  he  is  unable  to  work  on  same. 

Site. — The  site  for  each  piece  of  equipment  shall  be  practically  on  a 
level  with  and  not  over  1,000  ft.  from  a  railroad  siding  and  guaranteed 
by  the  purchaser  free  of  inundation  until  such  equipment  has  been 
accepted.  The  ground  over  which  this  material  must  be  conveyed  from 
the  railroad  siding  to  be  generally  level,  solid  and  free  of  obstructions. 

Steel  Plate  Roof. — Roof  to  be  cone  type  with  a  rise  of  about  6  ft. 

Plates. — ^To  be  best  grade  of  class  "A"  steel  and  to  be  No.  10  gauge 
thick,  or  5.5  lb.  per  square  foot. 

Riveting. — All  seams  to  be  single-riveted.  Rivets  to  be  ?i-in.  diame- 
ter and  spaced  approximately  IJ^-in.,  center  to  center. 

Caulking. — Roof  to  be  caulked  and  made  gas-tight. 

Supports. — Roof  to  be  supported  by  twelve  9-in.,  21-lb.,  I-beam  posts, 
connected  at  the  tops  by  8-in.,  11  J^-lb.  bent  channels  which  support  the 
5-in.,  9Ji-lb.,  I-beam  rafters.  Rafters  in  two  rows  with  57  in  outer  row 
and  24  in  inner  row. 

Hatch. — Steel  hatch,  size  20  in.  in  diameter,  located  near  the  side,  also 
on  8-in.  flange  in  center  of  roof. 

Painting. — Roof,  when  completed,  to  receive  two  coats  of  paint  on  the 
outside,  same  quality  as  used  on  shell. 

Delivery. — ^We  will  commence  shipment  in  about days  from  the 

acceptance  of  our  proposition  and  the  settling  of  all  details  pertaining 
to  same.  We  will  start  erection  as  soon  as  possible  after  arrival  of 
material  at  destination.  Delivery  and  erection  subject,  however,  to 
strikes,  fires,  accidents  or  other  causes  beyond  our  control. 

Erection. — This  equipment  to  be  erected  by Company 

on  premises  of  the  purchaser  at . 

Acceptance. — ^The  proposition  of  which  these  specifications  are  a  p>art, 
is  for  prompt  acceptance  and  subject  to  change  without  notice. 

Price  and  Terms. — Prices  and  terms  as  per  accompanying  letter 

dated  ,  based  on  present  prices  of  material  and  labor. 

All  understandings  outside  of  these  specifications  must  be  agreed  to  by 
both  parties  thereto  in  writing. 

Figure  213  shows  the  details  of  a  barreling  tank,  36  ft.  in 
diameter  and  10  ft.  high.  Fig.  215  shows  sLx  tanks  of  this  design, 
built  by  the  Treadwell  Construction  Company,  of  Midland,  Pa. 

Figures  216  and  217  give  the  specifications  for  35,000-  and 
55,000-bbl.  tanks  constructed  recently  by  the  Riter-Conley 
Manufacturing   Company   of   Pittsburgh,    Pa.    A    55,000-bbL 
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capacity  storage  tank,  built  for  the  United  States  Navy  by  the 
Treadwell  Cofflpany,  is  shown  in  Fig.  218. 

A  55,000-bbl.  storage  tank  for  crude  oil,  provided  with  an 
ordinary  wooden  roof  with  sheet-steel  covering,  is  illustrated  in 


^tfevr-' 


Pig.  219.  When  an  all  steel  roof  is  preferred,  this  is  supported 
with  a  structural  stcci  framework,  as  sliown  in  Fig.  220;  this 
frame  is  then  covered  witli  sheets,  Js  i"-  tliick,  riveted  and 
caulked.    These  illustrations  are  published  through  the  courtesy 
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of  the  Hammond  Iron  Works,  of  Warren,  Pa.     In  some  localities 
certain  refineries  use  storage  tanks  with  water-top  roofs;  this  is 


said  to  be  a  very  satisfactory  method  for  the  storage  of  Ught 
products.    JFig.  221  shows  this  type  of  tank. 


■ 
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A  borizouta.l  tank,  0  ft.  in  diameter  and  24  ft.  in'  length,  is  <Ie- 
taUed  in  Fig.  222. 

Figures  223  and  224  give  the  details  of  an  acid  storage  tank 
8  ft.  in  diameter  and  20  ft.  in  height. 

Figures  225  and  226  show  the  construction  of  asphalt-plan 
tanks. 

Fig.  227  exhibits  two  receiving  tanks,  9  ft.  in  diameter  by  48 
ft.  in  length. 

Measurement.' — The  following  formulas  are  in  use  for  com- 
Miting  the  capncities  of  circular  tanks: 

■ 

■  •■KII  11I»11IIBH     ;,.|   'iPl)'!"!'  P 

—-"■m 

i 

^Iniotril  f.,r  Ui»  Iluastcca  Pi-lralciirLi  funip^riy, 

D  =  diameter. 

C  =  circumference. 
U.  8.  G.  =  United  States  gallons  of  231  cu.  in. 
!mp.  G.  =  Imperial  gallona  of  277.274  cu.  in. 
D  in  inches  squared  X  0.0034  =  U.  S.  G.  per  inch. 
D  in  inches  squared  X  0.00283257  =  Imp.  G.  per  inch. 
D  in  feet  squared  X  0.011656  =  42  V.  S.  G.  bbl.  per  inch. 
C  in  feet  squared  -^  20.1586  =  U.  S.  G.  per  inch. 
C  in  feet  squared  X  0.04960677  =  U.  8.  G.  per  inch. 
C  in  feet  squared  X  0.00118111  =  42  U.  S.  0.  bbl.  per  inch. 
C  in  feet  squared  X  0.00099213  =  50  U.  S.  G.  bbl.  per  inch. 
C  in  feet  squared  X  0.041327896  =  Imp.  G.  per  inch. 
Imp.  G.  X  1.20032  =  U.  S.  G. 
U.  S.  G.  X  0.83311  =  Imp.  G. 

'  On  computing  the  capacities  of  circular  tanks,  vertical  and  horijsontal 
lee  D.  0.  Towi,'8  "Tanks,"  1901,  pp.  3  and  18.     On  gauging  atorage  tanks, 
ee  OaDEN,  /.  Ind.  Eng.  Chem..  8  (1916),  58;  and  HoWEL^  ibid.,  286. 

1 
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Viu,  220. — Structural  steel  framework  for  the  steel  roof  of  a,  storage  tank-  1 
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C  of  circle  =  D  X  3.14159. 
D  of  circle  =  C  X  0.3183. 
Area  of  circle  =  D'  X  0.7854,  also  C=  X  0.07958. 
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Fia.  221.— A  watcr-top  tank,  26  ft,  in  diameter  by  25  ft.  in  height. 

D  of  true  sphere  in  inches  cubed  X  0.0022666  =  U.  S.  G.  in 
sphere. 

U.  S.  G.  at  any  inch  in  true  sphere  =  (3D  —  2n)n*  X 
0.0022666,  in  which  n  ~  height  in  inches,  the  diameter  being 
also  ID  inchea.    Where  n  is  more  than  3^D,  compute  capacity 
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of  sphere  and  deduct  capacity  of  empty  section,  in  wliicli  ease 

the  n  in  above  formula  becomes  inches  of  space. 
To  find  internal  circumference  of  tank,  deduct  from  external 


-~G:nigi>filliiig  tank: 


circumference  in  feet  0.033  ft,  for  each  j-'/g  in.  thickness  of  iron 
and  use  internal  circumference  in  making  table. 

Or  more  accurately:  Find  capacity  per  inch,  using  external 
circumference.     Multiply  external  circumference  in  feet  by  12; 
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multiply  this  by  thickness  of  iron;  divide  result  by  231  and  de- 
duct result  from  capacity  per  inch  as  found  by  using  external 
circumference. 

To  get  the  smallest  surface  for  a  given  capacity  in  a  vertical 
cylindrical  tank  (assuming  flat  top),  the  height  must  equal  the 
diameter. 

The  following  formula  shows  how  to  ascertain  the  diameter 
(or  height)  for  any  capacity: 

D  =  diameter  of  tank  in  feet; 
H  =  height  of  tank  in  feet; 
B  =  capacity  in  40-gal.  barrels; 
D  =  H  =  1.895  ^B. 

Assuming  35  ft.  the  maximmn  height  desirable,  a  tank  of 
6,304  bbl.  capacity  would  be  the  largest  which  could  be  built  by 
this  rule. 

Painting. — Many  producers  and  marketers  have  adopted 
white  or  a  light-colored  paint  for  their  crude  petroleimi  and  light 
oil  storage  tanks,  mainly  to  minimize  the  losses  through  evapora- 
tion. It  has  been  reported^  that  the  evaporation  from  tanks 
painted  white  averages  from  1  to  1.5  per  cent,  less  than  from  red 
tanks  and  about  2.5  per  cent,  less  than  from  tanks  painted  black. 
Hollow  building  tile  are  also  being  used  for  tankage  insulation* 
by  several  western  oil  refiners. 

STILLS 

In  the  earlier  American  petroleum  refineries,  the  stills,  the 
capacity  of  which  varied  from  25  to  80  bbl.,  usually  consisted  of  a 
vertical  cylinder,  constructed  of  cast  or  wrought  iron,  with  a 
boiler  plate  bottom  and  a  cast-iron  dome,  on  which  the  "goose- 
neck" was  bolted.  In  cast-iron  stills  the  metal  was  objection- 
ably thick.  The  charge  was  distilled  almost  to  dryness,  though 
the  operation  was  not  carried  far  enough  to  cause  the  residue  to 
"coke."  The  method  of  treatment  was,  however,  completely 
changed  by  the  introduction  of  the  "cracking  process,"  and  by 
the  division  of  the  distillation  into  two  parts,  one  consisting  in 

^Petrol.  Ocui.f  20  (1915),  No.  4,  22.  For  a  rather  thorough  consideration 
of  the  losses  in  the  storage  of  crude  oil,  see  Guiselin,  Mat.  grasses,  4,  2323, 
2363  and  2403 

*  "Adobe"  coated  with  cement  wash  is  a  good  heat  insulator.  Other 
cheap  insulators  are  sawdust  concrete  and  1-10  cement-sand  mortar. 
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the  removal  of  the  more  volatile  constituents  of  the  oil,  and  the 
other  in  the  distillation,  usually  in  a  separate  still,  of  the  residues 
from  the  first  distillation,  for  the  production  of  paraffin  oils  and 
wax. 

At  the  present  time,  a  horizontal  underfired  cylindrical  still, 
having  a  charging  capacity  of  from  200  to  1,200  bbl.,  is  generally 
used  in  the  distillation  of  crude  oil;  but  what  ia  known  as  the 
"cheese-box"    still  is  even   now  employed    by   some   refiners. 

Figure  229  presents  the  detailed  construction  of  a  crude  still. 


Fio.  230.— Manner  of  assembling  I,0OO-t,b!.  onido  stills. 


10  ft.  in  diameter  and  40  ft.  in  length;  this  still,  which  has  a 
charging  capacity  of  500  bbl.,  is  typical  of  those  now  in  use  in 
the  Gulf  and  Mid-Continent  fields.  The  dome  at  the  top  is 
connectetl  with  a  vapor-pipe,  or  "goose-neck,"  that  leads  to  the 
condenser. 

Figure  230  shows  the  manner  in  which  1,000-bbI.  cmd«  stills, 
16  ft.  in  diameter  and  32  ft.  in  length,  are  assembled  in  the  con- 
struction shops;  they  are  afterward  taken  apart  for  shipment. 
Fig.  231  shows  a  1,000-bbl.  crude  atili  in  readiness  tor  installar 
tion.     When,  however,  the  stills  are  of  smaller  diameter,  say 
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FlQ.  233.— A  still,  14  U.  0  in.  in  diameter  and  42  ft.  in  laugtli,  having  o 
bottom  of  one  plate. 
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refinery  of  the  Indian  Refining  Company,  Laurencoville,  111. 


REFINERY  ENOINEERINO 


Fio.  238. — Stills  of  the  "cheese-box  "  typo  in  the  Pennsylvania  oi!  regions. 
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10  ft.,  the}'  are  built  complete  in  the  shops  aod  then  diipped  in- 
tact, leaving  off  the  domes  to  allow  of  clearaooe  as  shown  in 
Fig.  232.  Fig.  233  illustrates  a  stdl,  14  ft  6  in  m  diameter  by 
42  ft.  in  length,  the  bottom  of  which  is  made  of  one  {date,  10  ft. 
wide  by  42  ft.  long  by  ^  in  thick   such  stills  have  a  weight  of 


Fif    239  —Method  of 


furnace. 


84  500  lb  each      Three  stills  of  tl  e  !.k>t  mcntioneil  sixicifications 
are  bhown  ready  for  iiistallation   m  Fig  234. 

A  battery  of  11  crude  stills  each  of  1  200-bbl.  capacity,  at  a 
large  Illinois  refinery  is  presented  m  Fig.  236.  It  will  be  ob- 
served that  in  the  battery  shown  the  stills  are  completely  bricked 
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in,  BO  that  the  vapors  shall  be  kept  fully  heated  until  they  escape 
to  the  vapor-pipe;  this  is  not,  however,  the  general  practice,  and, 
especially  because  of  the  "cracking"  process,  the  upper  part  is 


-era  J 


mm 


generally  left  exposed  to  the  air.     It  may  be  noted  here  that 
horizontal   cylindrical   stilla   with   internal   flues'   are   used   in 

'  The  heating  is  oSected  by  underfiring  only,  by  undcrfiring  aided  by 
lateral  flues,  or  by  a  combination  of  both  the  aide-healing  and  the  undor- 
firing,  with  fluea  which  pns8  through  the  still — an  arrangement  which  \»  not 
employed  in  the  United  States. 
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the  Baku  field.  These  stills  axe  set  in  batteries  with  a  common 
wall  between  them,  and  a  chimney  conmion  to  all.  They  are 
usually  heated  by  the  burning  of  petroleum  residues,  and  some- 
times the  distillation  is  conducted  with  the  aid  of  superheated 
steam.  The  still  dome  usually  ha3  from  five  to  seven  pipes  lead- 
ing to  the  condenser,  which  is  common  to  several  stills.  The 
stills  are  ordinarily  placed  in  the  open  air,  and  the  upper  part  is 
often  not  walled  in,  only  tile  coverings  or.  a  metal  casing  with  a 
packing  of  glass-wool  or  slag  being  used. 
The  horizontal  stills  in  American  refineries  are  either  end-  or 
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Fia.  242. — Details  of  a  steam  still,  8  ft.  in  diameter  by  8  ft.  in  length.    For 

specifications,  see  page  69G. 

side-fired.  Side-firing  is  preferable  because  it  gives  a  imiform 
distribution  of  heat.  The  fuel  used  is  either  coal  or  oil;  in  Cali- 
fornia, oil  is  in  general  use  because  of  the  scarcity  of  coal. 

The  so-called  *' cheese-box''  still  possesses  a  cylindrical  body, 
and  has  a  dome-shaped  top  constructed  of  iron  plate  and  a  steel- 
plate  bottom.  Formerly,  this  type  was  made  in  sizes  up  to  30 
ft.  in  diameter  by  9  ft.  in  depth,  but  at  the  present  time  the 
largest  size  of  vertical  still  built  for  the  Pennsylvania  field  is  16 
ft.  in  diameter  by  10  ft.  in  depth.  A  '* cheese-box''  still  of  150 
bbl.  capacity,  12  ft.  in  diameter  by  8  ft.  deep,  is  shown  in  Fig. 
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237-  "Cheese-box"  Btilla  are  aet  over  a  furnace  on  a  series  of 
brick  arches  (see  Fig.  239),  Vertical  steam  stiUs  of  lai^e  capacity 
are  in  use  in  the  Kansas  field  (see  Fig.  240). 

The  construction  of  thi-ee  sizes  of  steam  stills  of  the  typo  most 
in  use  is  shown  io  Figs.  242,  243,  244,  and  245.  Fig.  246  presents 
a  finished  steam  still,  10  ft.  in  diameter  by  40  ft.  in  length,  such 
as  is  now  in  use  in  the  Gulf  and  Mid-Continent  fields;  a  still  of 
this  size  weighs  21,600  lb.  Fig,  247  gives  the  construction  of 
a  steam  still  tower,  and  in  Fig.  248  are  shown  steam  stills  pro- 
vided with  6-ft.  towers  containing  four  bafRe-plates  each. 


The  term  "tower  still'"  is  applied  to  any  still  which  is  pro-  j 
vided  with   tower-like   aerial  condensers'  connecting  with  the  i 
vapor-pipe,  or  "goose-neck,"  and  interposed  between  the  stills   | 
and   water-cooled    condensers.     The  towers    generally    conaiBt 
of  a  top  and  bottom  gas  chamber  connected  by  pipes,  around  ' 
which  air  circulates,  thus  producing  partial  condensation.     The 
goose-neck  carrying  the  hot  vapors  from  the  stills  connects  into 
the  bottom  gas  chamber  of  the  first  tower  and  passes  up  through   ' 


a  fact,  as  frHctiona,!  condensera. 
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the  pipes  through  the  top  gas  chamber  into  the  bottom  of  the 
second  tower,  nnd  so  on  through  the  series  to  an  ordinary  water- 
cooled  condenser.' 
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Fio.  251.— Dephlegmator  tor  FiQ.  252. — Separator  for  af- 

intflriJOBilion  between  the  dome  resting   any   oi!   which  ia   nie- 

of  a  still  and  u  coiiiienscr.  clianicallv  carried  over  from  a. 

still  by  the  vapor. 

»T.  T.  Ghat  in  RoOBiia'  "Industrial  Chemistry."  2d  ed,,  505.  On 
towers,  see  also  C.  U.  Ewino.  United  SUtcB  Patent  10830B8,  Jan.  13, 
1914;  W.  C.  KoBSLBB  and  L.  Link,  United  States  Patent  1084016,  Jan. 
13, 1914;  and  G.  U.  Gillokb,  United  States  Patent  1084080,  Jan.  13, 1U4. 
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Tower  atills  are  said  to  possess  a  number  of  advantages  over  the 
older  types.  Since  condensation  occurs  in  each  tower,  what 
would  otherwise  be  one  product  is  separated  into  as  many 
products  as  there  are  towers;  consequently  further  necessary 
redistillation  is  reduced  to  a  minimum. 

Upright  stills  have  been  introduced  for  the  distillation  of 
benzine,  but  these  are  disadvantageous.  The  available  heating 
surface  decreases  as  the  contents  of  the  still  diminish  in  volume, 
and  is  really  smallest  when  the  most  volatile  portiona  of  the 
benzine  have  been  expelled  and  the  highest  temperature  ia 
required.^ 

For  the  purpose  of  arresting  any  oil  mechanically  carried  over 
by  the  vapor,  a  dephlegmator'  of  the  form  shown  in  Fig.  251  has 
been  interposed  between  the  dome  of  the  still  and  the  condenser. 
In  the  separator  for  this  purpose  shown  in  Fig.  252,  a  ia  an  iron 
cylinder  surrounded  by  a  jacket,  h,  the  space  between  them  being 
divided,  except  at  the  top,  by  plates,  c.  The  vapor  enters  at  d, 
and  passing  through  the  apertures  above  the  baffle-plates,  c,  as 
indicated  by  the  arrow,  escapes  through  d'  to  the  condejiaer. 
The  separated  oil  is  returned  to  the  still  by  a  pipe, 

A  1,500-bbl.  blowing  still,  16  ft.  in  diameter  by  42  ft.  in  length, 
is  exhibited  in  Fig.  253.  Fig.  254  presents  the  details  of  a 
1,200-bbl.  asphalt  still,  14  ft.  6  in.  in  diameter  by  42  ft.  in  length. 

The  Ufe  of  a  still  is  dependent  upon  the  treatment  it  receives 
at  the  hands  of  the  workmen,  the  nature  of  the  oil  run,  bow  far 
the  distillation  ia  carried,  and  the  quality  of  the  iron  used  in  the 
construction." 

CONDEHSERS 

Condensers  are  employed  Jn  the  refinery  to  coo!  the  vapors  of 
petroleum  distillates  to  temperatures  below  those  at  which  these 
vapora  are  converted  into  the  liquid  state  under  the  pressure 
which  obtains.  The  condensation  of  such  vapors  is  generally 
effected  by  bringing  them  into  contact  with  a  cold  surface,  to 
which  they  impart  their  heat,  suitable  arrangements  being  usually 

>  Veith.  DinglerS  ix^yl.  J„  383  (1891).  159. 

*On  the  dephlogmator  in  oil  refineries,  eed  Bebo,  Petrol.  Rev,,  4  (1901), 
553. 

•  Smftll  crocks  in  b.  still  may  be  repaired  by  bolting  on  a  patch  of  wrought 
iron,  making  a.  tight  joint  by  the  use  of  u  mixture  of  manganese  dioxide 
oil;  but,  better  still,  by  autogenous  nelding.     On  the  corrosion  of  tor  Stills, 
eee  Warnbs  and  Davet,  J.  Soe.  Chem.  Ind.,  39  (1910),  657. 


J 
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made  for  conveying  this  heat  away  from  the  cooling  surface. 
Air  cooling  is  occasionally  depended  upon  for  this  latter  purpose, 
but  the  usual  arrangement  consists  in  causing  water  to  circulate 
over  the  exterior  of  the  condensing  apparatus. 

Some  of  the  factors  involved  in  the  design  of  efficient  condensers 
are  the  following: 

1.  The  cooling  surface  should  be  constructed  of  material  upon 
which  the  vapor  has  no  chemical  action  and  which  is  resistant  to 
corrosion,^  and  should  be  capable  of  withstanding  repeated 
variations  of  temperature  without  fracture.  For  practical 
purposes,  this  material  must,  of  course,  be  of  reasonable  cost. 

2.  The  cooling  surface  area  should  be  as  large  as  possible, 
without  making  the  apparatus  unduly  extensive  and  heavy. 

3.  The  material  of  construction  should  have  a  high  thermal 
conductivity. 

4.  The  design  should  be  such  that  constituent  parts  of  the 
apparatus  may  be  removed  for  cleaning  or  replacement. 

While  it  is  not  possible  to  obtain  materials  entirely  satisfactory 
in  each  of  the  above  respects,  it  has  been  found  that  materials 
are  available  which  combine  cheapness  with  reasonable  satis- 
faction in  the  foregoing  particulars.  Steel  or  cast  iron  is  the 
material  which  comes  nearest  to  meeting  all  requirements  in 
practice. 

Many  different  types  of  condensers  have  been  used  in  the 
petroleum  industry,  the  best  known  forms  being  those  in  which 
the  vapors  traverse  coiled  or  parallel  iron  pipes  of  large  cooling 
surface.  Water  has  been  generally  adopted  as  the  cooling 
medium,  although  in  such  operations  as  the  production  of  high 
boiling-point  oils  the  exposure  of  the  condensing  surface  to  the 
air  has  been  found  to  serve.^  It  is  sometimes  necessary  to  keep 
the  condensing  water  warm,  or  even  almost  boiling,  in  order  to 
prevent  the  solidification  of  paraffin  in  the  pipes;  in  fact,  this 
practice  is  general  in  running  off  the  wax  distillate  from  Ohio 
and  Pennsylvania  petroleum. 

The  quantity  of  water  required  to  effect  the  condensation  of 
oil  vapors  and  to  cool  the  distillate  to  a  desired  point,  may  be 

^  The  corrosion  of  condenser  pipes  has  been  caused  by  the  action  of  hydro- 
chloric acid,  formed  from  the  chlorides  in  the  crude  oil. 

•  A  very  large  condensing  surface  is,  however,  required  in  air  conden- 
sation. Veith  ("Das  Erdol,"  141)  states  that  condensation  by  air  requires 
almost  200  times  the  condensing  surface  which  suffices  when  water  is 
employed. 
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calculated  by  the  aid  of  the  specific  heat  and  lat«nt  heat  of  evap- 
oration of  the  particular  product  to  be  distilled.    For  example,  if 


Fia.  255. — A  worm  condenser. 

The  oondsoMd  Uqidd  puaea  into  t,  D-tube,  V,  fomiiru  ■  taii.  whieh  prevsDU  tha  puun 
of  uuoDDdaDBad  gma,  mad  divflrta  it  into  bd  escapa-iiipe,  O.    The  Mquid  pKwe  iaCo  a  tank, 

iitir»«yend  branch™  connectBci'lF-"-'-^  •—    '      '      *' 
■  orsge-tBukt.  ^  Tho  tank  Kit" 

re  Stud  to  the  bottooM  ol 


IS  through 


which  Chg  coodenacd  w 

"  ~    n  through  & 

. iMediria»i™dow»ih»tthi''ctdor'(5ffi«dUtiiiirtaiw 

□baflrvedud  the  diitribution  of  ths  produ«t»  controlled.  thediffercDtqiulitieabeuicdiEwited 
into  th«ir  nspectivs  tuika  br  openinc  ths  proper  oodu.  Tape  are  Stud  to  the  bottooM  ol 
the  n-tube  and  of  the  tank  K,  lor  runnlnc-olTeadiment. 

1 ,000  Imp.  gal.  of  a  product  having  a  specific  gravity  of  0.756  are 
to  be  distilled,  and  the  distillation  is  to  be  conducted  at  the  rate 
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fA  100  ^taI.  p^r  Lr/:.-.  •.r.^n  \S<fi.y/}  E.:.-i.    7..»j  lb.  of  prcwuet 

a  ftp'rdfic  gravity  of  O.T-Vi  rr.ir.  ':.-e  r*::r.ovei  fr«:ni  :i^  vipii.r?  in 
ord«rr  to  coridf:r..r*:  •.r.^rrri  to  a  *:r;'i:  i  r.iv:r-z  a  teini/^rat'ire  of 
17.V'F..  thf:  rxiLir.z  jy'/ir.t  of  the  fr^ctior..  If  th^  c»:«r;ien5aie 
is  to  ^x:  rrxjUrfl  to  G(/'F.,  443.741  tr-«rrmal  \:r.:t«  [7..VX»  X  175'-o*I'-. 
X  OJiUyif  th<:  .-.p'r'rifjo  hfrs*]  ir.ui-t  il-r^.*  V.^  r^:r.ov€^i.  .Since  the 
rJi5!ri]!ation  i-;  to  r^^i-iire  10  hr..  the  nu.T/r-er  of  thernial  units  per 
hour  to  V^  ix\r¥jr\j^A  Lv  tr^e  condfrnrrer  •ail:  an.0JErt  to  145.3CH3 
[(  \,Wj,W)  -r  443,741/4-  10;.     Ai=-^uii:ine  that  the  initial  tem- 
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Fk;.  256. — Paralh.'l-tube  conrlcnsfr. 

Til*"  fliHtillat'-s  flow  throiiKh  a  Bj'phon  info  a  fc^rioi  of  paral!<-l  tr<.iujrh.s,  i?,  in  forr.niunioatlon 
with  »i  htofwork.  //;  while  th*r  uiifond^TiMihlr;  (tns,  wlii'^h  is  arri-rTcil  by  iK'f  syjdii'n.  pri-son  up 
th':  v*Tti'-jil  \)\\)*-A,  ffi,  fir.,  throiieh  lh«:  ro'^k-.,  Ai,  ♦■t''.,  int(^  th'?  horizonUil  pip*^,  ^/,  whence  it 
i«  roiidu''U*fl  into  a  K'i-*'^'"iot#:r,  or  if-  allowfrl  to  cncapo  into  iho  air  at  A. 

pfTjiiun*  of  the  conrlnnsing  water  is  oOT.  and  that  tlie  tempera- 
tuHi  of  the  overflow  will  be  SO'^F.,  each  pouiul  of  water  will 
tfierefon^  ahsorl)  30  thermal  units.  As  1  ^5,1^00  nnits  are  to 
be  absorb(^(l,  4,S13  11).  (M5,3(K)  -^  30)  or  alumt  485  Imp.  gal.  of 
water  p(*r  hour  will  be  recpiired.  In  this  way  the  approximate 
(piantity  of  w'at(T  recpiired  ean  be  determined,  but  in  practice 
10  p(!r  cent,  should  always  ])e  added  to  the  result.^ 

^  I.  i.  Hkdwood's  "Minoral  Oils  and  thoir  Iiy-Pro(lu(.'t.s,"  1914,  202.  On 
iho  Ijilrnt,  licjitH  f>f  ('V.'ii)oration  of  petroleum  and  its  products,  see  p.  108. 
On  H|)frifi(;  licjifs,  we  p.  104. 
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While  the  worm  condenser  is  in  general  use,  the  spiral  form  used 
in  the  early  refineries  has  been  replaced  by  a  series  of  straight 
tubes  coimected  by  elbows  and  passing  across  or  along  the  sides 
of  a  tank  or  condenser  box  made  of  iron,  or  by  other  arrange- 
ments, through  which  the  water  circulates  from  below  upward. 
The  extent  of  the  condensing  surface  varies  with  the  size  of  the 
still,  Veith'  states  that  a  still  of  50O-  to  700-bbl.  capacity  should 
have  a  series  of  condensing  tubes  of  a  total  length  of  984  ft.  3 
in  and  an  average  section  of  6  in.  The  pipes  may  diminish  in 
diameter  from  8  to  10  in.  where  the  vapors  enter,  to  2  to  3  in. 


where  the  condensed  product  escapes.  The  condensing  capacity 
should  always  be  suiEcient  to  allow  of  the  still  being  run  at  a 
maximum  rate  without  occasioning  a  loss  of  vapors  owing  to 
imperfect  condensation.  According  to  Scottish  shale-oil  prac- 
tice, there  should  be  1  sq.  ft.  of  condensing  surface  for  each  gallon 
of  oil  distilled  per  hour  for  heavy  oils;  IJ^  sq.  ft.  for  illuminating 
oils;  and  1%  to  2  sq.  ft.  for  gasoline  and  naphtha.  1. 1.  Redwood* 
has  expressed  the  opinion  that  the  internal  area  of  the  cross-sec- 
tion of  the  condenser  worm  at  the  inlet  to  the  condenser  should  be 
0.05  sq.  in.  per  gallon  of  distillate  per  hour,  and  that  this  size 
should  be  continued  for  about  one-third  of  the  total  length,  then 

'Op.  cil.,  142. 
^Op.  cH..  199. 
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reduced  by  ^  is.  for  the  next  third  and  by  another  ^  in.  for  the 
last  third. 


An  ordinary  worm  condenser,  fitted  with  an  arrangement  for 
separating  the  distillates/  is  shown  in  Fig.  25o;  and  Fig.  256 

*  A  similar  cast-iron  tube  condenser  has  been  described  by  ENdLBR, 
DingUr't  polyt.  J.,  260,  438. 
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illustrates  a  parallel-tube  condenser,  wherein  a  number  of  con- 
densing tubes  are  carried  with  a  alight  fall  through  a  long  tank 


holding  water.  The  Lawrence  system  of  surface  condensa- 
tion conaiata  in  the  use  of  a  flat  box,  formed  of  two  sheets  of 
corrugated  metal  placed  close  together  and  joined  at  the  edges; 
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the  vapors  circulate  between  the  plates  and  are  condensed  by 
cold  water  which  trickles  over  the  outside. 

Figure  257  shows  the  details  of  a  condenser  box,  or  tank,  23 
ft.  by  48  ft.  by  12  ft.  Fig.  258  illustrates  three  boxes  of  this 
design,  built  for  the  Huasteca  Petroleum  Company  by  the 
Treadwell  Construction  Company,  of  Midland,  Pa.  Such 
boxes  have  a  weight  of  about  57,700  lb.  each  and  are  used  for 
stills  14  ft.  6  in.  in  diameter  and  42  ft.  in  length. 

Figure  259  gives  the  details  of  the  overflow  box  and  dia- 
phragm for  a  condenser,  30  ft.  by  45  ft.  by  1 1  ft.  6  in. ;  and  the 
design  of  a  cooler,  12  ft.  by  48  ft.  by  6  ft.,  is  illustrated  in  Fig.  260. 

Figure  261  gives  the  steel-plate  work  in  the  shell  for  a  large 
condenser  box,  105  ft.  4  in.  by  29  ft.  by  10  ft.  high. 

In  general,  it  may  be  said  that  each  refiner  has  his  own  opinion 
regarding  the  size  of  condenser  boxes  and  that  there  is  accord- 
ingly #io  fixed  rule  for  arriving  at  the  capacity  of  the  tanks 
required.  However,  according  to  Pennsylvania  practice,  on 
200-  to  250-bbl.  stills  the  boxes  are  usually  30  ft.  by  6  ft.  by  6  ft.; 
on  500-  to  600-bbl.  stills,  40  ft.  by  10  ft.  by  8  ft.;  on  800-bbl. 
stills,  50  ft.  by  10  ft.  by  8  ft.;  and  on  1,000-bbl.  stills,  35  ft.  by 
18  ft.  by  8  ft.  It  is  customary  for  the  refiner  to  furnish  and 
install  all  necessary  condenser  tubing. 

Typical  steel  supports  for  condensers  are  shown  in  Fig.  263. 

AGITATORS 

The  treatment  of  petroleum  products  with  sulphuric  acid  and 
alkali  is  carried  on  by  agitation  with  mechanical  apparatus  or 
compressed  air. 

A  common  practice  in  refineries  has  been  to  perform  this  agita- 
tion by  compressed  air  in  vertical  cyUnders  provided  with  conical 
bottoms,  supported  on  brickwork,  concrete  or  iron  pillars,  or  a 
continuation  of  the  agitator  shell.  When  under  cover,  such 
agitators  may  be  open  above;  but  if  erected  in  the  open  air,  an 
iron  hood  is  provided  (see  Fig.  264).  The  agitators  are  usually 
constructed  of  wrought-iron  plates,  and  for  the  acid  treatment 
are  lined  with  lead  or  "antimonial  lead."^    The  thickness  of 

^  "Hoyt  MetaP'  sheet  is  largely  used  in  Pennsylvania  refineries  for  lining 
agitators.  This  metal,  which  contains  about  6  per  cent,  of  antimony  and 
is  said  to  have  twice  the  tensile  strength  of  chemical  sheet  lead  of  the  same 
thickness,  is  used  in  a  thickness  of  J^  in.  (8  lb.  per  square  foot)  for  lining 
the  sides  of  the  agitators  and  5^2  i^-  (10  lb.  per  square  foot)  for  the  cone. 
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the  sheet  lining  is  usually  ^2  ^  Me  'i^-     There  are  two  methods 


264. — One  form  of  agitator. 


When  sheet  lead  is  used,  10-lb.  lead  is  usually  put  on  the  sides  and  12-lb. 
lead  on  the  cone.  The  following  procedure  is  employed  in  lining  sgitatora 
or  lai^e  round  tanks: 

Hang  one  sheet,  kink  the  lower  end  about  every  0  in.,  then  have  three 
or  four  men  pull  it  back  as  far  as  they  can  and  slap  it  back  to  the  wall  two 
or  three  times.  In  doing  this,  it  will  nearly  fit  the  sides  of  the  agitator  or 
tank.  Continue  this  until  all  the  side  lead  is  hung,  and,  when  ready  to 
bum,  brace  each  sheet  back  on  cither  side  of  the  seam  (4  in.  X  4  in*  scantling 
is  used,  extending  from  one  side  to  the  other,  and  moved  from  sheet  to  sheet 
BS  the  seams  are  burned).  If  the  agitator  or  tank  is  18  or  20  ft.  in  height,  use 
two  braces  to  each  upright  sheet  (one  near  the  top  and  the  other  near  the 
bottom},  the  upper  braces  to  be  handled  with  ropes,  so  that  they  con  be 
raised  or  lowered  to  suit.  Drive  the  lead  back  as  the  seams  are  burned  up 
(but  do  not  hammer  the  seams),  then  move  the  braces  to  the  next  seam, 
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of  supplying  the  ^r — in  one,  the  usual  practice,  the  air  is  passed 
downward  through  a  pipe  which  extends  to  the  bottom  of  the 


J'lo.  265.— A  1200-bbI.  agitator,  20  ft.  in  diameter  by  35  ft.  6  in.  in  licight. 
cone,  and  in  the  other  the  air  passes  iipwar<l  through  a  pipe 
opening  directly  into  the  bottom  of  the  cone.     In  most  American 
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Fig.  26e.— a  2400-bbL  agitator,  2S  ft.  6  in.  In  diameter  by  36  ft  6  in.  in 
height. 
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refineriea  the  acid-  and  alkali-treatmenta  are  conducted  in  the  J 
same  agitator;  but  it  has  been  found,  in  refineries  having  alarge  I 
throughput,  that  time  is  saved  and  a  superior  product  is  ob-  j 
taiued,  when  these  operations  are  carried  out  in  separate  vessels. 
The  agitator  in  wliich  the  acid-treatment  is  conducted  may  be  ] 
fixed  at  such  a  height  that  its  contents  will  flow  into  the  second  j 
agitator  for  treatment  with  alkali. 

The  blowing  apparatus  may  consist  of  a  tube,  fitted  with  a 
cast-iron  rose,  shaped  like  a  double  cone.'     A  part  of  the  blast 


Fig.  287.— 1200-bbl.  niid  2400-1 1 


may  thus  be  directed  upon  the  lowest  part  of  the  agitator  to  stir 
up  the  acid  sludge  there,  while  the  remainder  passes  into  the  main 
body  of  the  liquid  and  thus  sets  up  a  circulation  of  the  hquids. 
The  acid  and  the  alkali  for  treating  the  oil  are  dehvered  to  the 
i^tators  through  separate  pipes  by  means  of  a  Montejus  t^ 
paratus.  The  agitators  are  usually  emptied  through  three- 
way  branch-pipes  with  large  openings,  to  allow  passage  of  the 
thick   tarry   products.     By  suitably   adjusting   the  cocks,  the 

'  Cf.  the  ogitiiting  appardtua  of  C.  Still  (United  Statea  Potent  1080177, 

Dec.  2,  1913). 
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waste  acid,  or  alkaJi,  and  the  oil,  are  conveyed  to  their  proper 
receptacles. 

For  reasons  which  have  been  indicated,  some  reSners,  espe- 
cially certain  producers  of  specialties,  prefer  to  use  mechanical 


Pio.  272. — DetaiU  of  atturs  for  s^^itaton. 


f^tators  in  the  chemical  treatment  of  lubricating  oils.  Such 
f^tatt^rs  have  also  been  employed  in  the  refining  of  benzine,  but 
at  present  the  air-blast  system  is  most  in  favor  and  is  in  general 
use  for  the  treatment  of  oil  distillates.  It  has  been  maintained 
by  some  engineers  that  the  agitation  of  light  distillates  by  ais 


752  TBX  AmnacAN  fSTBOLSVU  mOVSTRT 


S-"^' '  a 


REFINERY  ENGINEERING 


753 


is  out  of  the  question  udIcbs  a  closed  agitator  is  enaployed  and 
the  whole  of  the  air  supply  to  the  air  pump  or  "blower"  is 
drawn  from  the  top  of  the  tank,  in  which  case  any  vapors  passing 
off  in  the  air  are  returned  in  the  air  delivered  from  the  blower; 
but  it  has  been  found  in  practice  that,  with  the  deep  form  of  agi- 
tator now  in  use,  crude  benzine,  when  cold  (direct  from  the 
condensers),  may  be  agitated  with  sulphuric  acid  by  air,  in  an 
open  agitator,  with  a  maximum  loss  of  2  per  cent,  by  volume.' 

Mention  may  be  made  here  of  chemical  treatment  of  gasoline 
and  naphtha  without  the  use  of  agitators.  In  one  arrangement 
in  which  agitators  are  dispensed  with,  the  light  distillate  flows 
successively  through  vessels  respectively  containing  eulphuric 
acid,  caustic  soda,  washing  water,  and  finally  a  filtering  mixture  of 
sawdust  and  salt.  The  first  three  vessels  contain  the  sulphuric 
acid.  The  vessels,  which  are  all  closed,  are  about  half-filled 
with  the  reagent,  and  are  arranged  at  successively  lower  levels. 
The  spirit  is  run  into  the  fir.'Jt  through  a  perforated  tube  passing 
to  the  bottom  of  the  vessel,  rises  through  the  reagent,  and 
finally  escapes  through  a  tube  at  the  top  of  the  vessel  into  the 
next.  It  is  thus  successively  acted  upon  by  acid,  alkali,  and 
water,  and  passes  through  the  filter  into  a  receiver. 

Figure  265  shows  a  1,200-bbl.  agitator,  20  ft.  in  diameter  and 
35  ft.  6  in.  in  height.  A  2,400-bbl.  agitator,  28  ft.  6  in.  in  diameter 
and  35  ft.  6  in.  in  height,  is  detailed  in  Fig.  266.  Fig.  267 
shows  agitators  of  these  sizes,  recently  erected  for  an  American 
refining  company. 

The  detailed  construction  of  an  agitator  of  the  general  type 
now  in  use  is  presented  in  Fig.  268.  The  two  top  rings  and 
the  globe  roof  for  an  agitator  are  exhibited  in  Fig,  270.  Fig. 
271  shows  two  agitators  erected  in  the  field,  with  a  common 
stairway.  Most  refiners  now  favor  a  low  globe  roof,  fitted  with 
explosion  doors. 

PARAFFIN  WAX  PLANT  EQUIPMENT' 

The  general  arrangement  and  foundation  plan  of  a  paraffin  wax 
plant  in  the  Appalachian  field,  having  a  capacity  of  90,000  lb. 
(400  bbl.)   per  month,  is  given  in  Fig,  274.     The  absorption 

'  PeEtnsylvania  reliners  regard  llie  losses  by  air  agitation  us  eatiefactory 
when  this  pperalion  is  carefully  conducted. 

*  For  a  geoeral  descriptive  accauat  of  the  manufacture  of  paraffin  wax, 
Bee  p.  478  e(  wg. 
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machine^  of.  60  tons  refrigerating  capacity  furnishes  brine  to  the 
wax  chilling  and  pressing  plant  at  a  temperature  of  —  15°F.  to 
— 20°F.  In  this  plant  the  requirements  are  for  0°F.  cold-test 
neutral  oil,  and  it  is  therefore  necessary  to  maintain  this  low  tem- 
perature and  to  press  twice,  an  operation  known  as  "double- 
pressing"  and  requiring  additional  chilling  machines  and  filter 
presses.  In  one  operation,  or  "single-pressing,"  finished  neutral 
oils  are  made  which  show  a  cold  test  of  15°  to  25°F.  and  less 
apparatus  is  required  for  a  given  quantity  of  unpressed  distillate. 

This  plant  has  three  12-section  distillate  chilling  machines 
and  five  48-in.  filter  presses.  Four  of  these  presses,  aggregating 
800  filter-press  plates,  are  used  on  the  first  pressing,  and  the 
largest  press,  containing  450  plates,  is  used  on  the  second  pressing.^ 

The  following  description  is  furnished  by  the  builder,  the 
Carbondale  Machine  Company,  of  Carbondale,  Pa.,  of  a  modern 
wax  plant  installed  in  the  early  part  of  1915  for  the  Gulf  Refining 
Company  at  Port  Arthur,  Tex.  (see  Fig.  275).  The  daily 
capacity  of  this  plant  is  1,500  42-gal.  bbl. 

The  wax  distillate  is  stored  in  tanks  of  suitable  size  and  pumped 
into  the  wax  plant  for  the  purpose  of  separating  the  wax  from 
the  oil.  It  is  necessary  to  chill  and  granulate  this  distillate,  and 
for  this  purpose  two  100-ton  absorption  refrigerating  machines 
are  used.  These  are  of  the  atmospheric  type,  having  coils 
arranged  on  the  roof  with  distributing  troughs,  so  that  water 
passes  by  gravity  on  the  outside  of  the  pipes  of  the  condenser, 
absorber,  weak  liquor  cooler  and  rectifier.  Steam  ammonia 
pumps  having  automatic  regulators  are  used.  There  is  an 
extra  ammonia  pump,  which  is  used  as  a  reserve  for  either 
machine.  The  brine  is  pumped  through  a  shell  cooler  and 
thence  through  the  four  horizontal  double-pipe  chilling  machines. 
This  cools  the  unpressed  wax  distillate  to  within  10°  or  12°F.  of 
the  temperature  of  the  inlet  brine.  The  distillate  is  in  the  inner 
pipe  and,  when  chilled,  becomes  soUdified.  This  inner  pipe  has  a 
slow  revolving  helicoid  conveyor,  which  scrapes  the  walls  of  the 
pipe,  having  a  tendency  to  granulate  the  distillate,  which  af- 

^  The  absorption  refrigerating  system  has  been  found  to  be  best  adapted 
for  the  manufacture  of  parafifin  wax  and  neutral  oils  (see  p.  756). 

'The  wax  obtained  from  the  first  pressing  is  either  marketed  as  high 
melting-point  wax  or  is  mixed  in  suitable  proportions  with  the  wax  obtained 
from  the  second  pressing  to  make  wax  of  such  lower  melting  point  as  is 
required. 
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fords  a  good  separation  in  the  filter  presses.  The  cold  brine  is 
circulated  in  the  annular  space  of  the  chillers  and  returned  to  a 
brine  storage  tank.  The  wax  distillate,  after  being  chilled,  is 
delivered  to  the  presses. 

For  separating  the  wax  from  the  pressed  oil,  six  high-pressure, 
hydraulic-ended  filter  presses  are  used.  Each  press  has  500 
48-in.  plates  with  )^-in.  spacing  rings,  and  is  provided  with 
double  troughs  and  conveyor.  One  trough  is  to  catch  the 
pressed  oil;  and  after  the  press  has  finished  dripping,  it  is  re- 
moved to  one  side  on  rollers  by  means  of  a  shifting  lever.  The 
press  is  then  ready  for  dumping,  as  the  ''slack  wax"  has  ac- 
cumulated in  the  spacing  rings,  the  pressed  oil  having  passed 
through  heavy  cotton  blankets.  The  filter  press  piston  ("ram") 
is  set  back  so  as  to  allow  the  press  men  to  remove  the  cakes  by 
means  of  spuds.  The  ''slack  wax"  falls  to  the  lower  trough  and 
is  removed  to  tanks  by  means  of  a  helicoid  conveyor.  It  is 
then  melted  and  pumped  into  sweating  pans  for  removing  more 
oil;  and,  when  finished  and  filtered,  is  run  into  moulding  machines 
and  turned  out  as  refined  wax  containing  less  than  1  per  cent,  of 
oil  and  moisture. 

The  pumping  equipment  consists  of  two  soft  press  pumps  for 
delivering  the  distillate  to  the  chillers,  thence  to  the  presses; 
one  setting-up  pump;  two  brine  pumps;  two  pressed-oil  pumps; 
one  melted  slack  wax  pump;  one  melted  sweated  wax  pump; 
and  one  foots  oil  pump,  all  of  which  are  belt-driven  power 
pumps. 

Distillate  Chilling  Machine. — In  practice,  the  '*  wax  distillate" 
is  first  cooled,  usually  to  a  temperature  of  15°  to  20°F.,  depending 
upon  the  cold  test  of  the  pressed  oil  required,  to  produce  which 
chilling  effect  an  ammonia  absorption  type  of  refrigerating 
machine  is  used.^ 

One  type  of  chiller  consists  of  a  series  of  double  pipes  with 
heavy  cast-iron  fittings;  and  the  inner  or  6-in.  pipe  has  a  slowly 
revolving  helicoid  conveyor,  which  scrapes  the  walls  of  the  pipe. 
Fig.  277  shows  the  general  arrangement  of  a  machine  with  the 
chain  and  driving  sprockets.  The  speed  of  the  conveyor  is 
about  8  r.p.m.  The  chain  is  driven  by  means  of  reduction 
gears,  either  of  the  worm-gear  or  bevel-gear  type. 

Filter  Presses. — Fig.  278  shows  a  Carbondale  filter  press,  48 
in.  in  diameter,  provided  with  a  drag  conveyor  and  holding  300 

*  »Scc  account  on  p.  479. 
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Fio.  277. — Gtjatiiil  urraLgcnient  of  a  chiller. 
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plates  and  299  M-in.  rings.  Fig.  279  presents  an  interior  view 
of  the  soft  press  room  of  a  Kansas  refinery  containing  three 
500-plate  Moore  presses.  A  30-in.  square  cast-iron  Moore 
press  is  shown  in  Fig.  280. 

Figure  281  illustrates  a  48-in-  soft  press  manufactured  by  the 
Carbondale  Machine  Company.  Presses  of  this  type  are  in 
use  at  a  number  of  Pennsylvania  refineries. 

The  general  arrangement  of  a  48-iii.  soft  press  and  a  chilling 
machine  is  given  in  Fig.  283. 

Experimental  Presses-.^ Many  of  the  large  refineries  are   pro- 


of brine  coils,  wherein  are  installed  small  presses  for  experimental 
purposes.'  The  results  obtained  from  such  experiments  not 
only  indicate  the  method  of  handling  the  distillate  in  large  quan- 
tities, but  also  serve  as  a  check  on  the  yields  obtained  in  a  large 
plant. 

A  Moore  experimental  press,  12  in.  in  diameter,  is  shown  in 
Fig.  284.     This  press  contains  12  filter  plates  and  eleven  j^-v^- 

>  The  following  iire  same  of  the  usual  pressing  plant  troubles  which  may  ba 
solved  by  systematic  experimentation :  An  occasional  batch  of  wax  diEtillattf 
(see  p.  475)  which  is  difficult  to  press;  failure  to  ublAin  the  whole  of  the 
recoverable  wax  from  the- distillate;  difHcuUy  in  securing  a  cold  test  on  tha 
finished  oil,  and  diSereoces  in  results  from  pressing  a  stock  "green"  (just 
OS  it  leaves  the  condenser)  and  after  preliminary  treatment. 
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rings;  it  is  5  ft.  6  in.  in  length  over  all  and  weighs  l.COO  lb 
The  supports  are  bolted  to  a  cast-iron  bed  plate,  which  also  acts 
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Fn;.  27!!.— Arj  inliTior  view  of  »  soft  press  room  cuiitiiiuirig  ttirec  600-plate 
Moore  pr-^s^es. 

^;        -r 

' 

4 

< 

4 

^^^^^^l^^^^l  \ 

Fiu.  2S0. — A  30-m.  square  cast-iron  Mgorc  fiUcr  press. 

as  a  pan  lor  receiving  the  pressed  oil.     To  this  same  bed  plate                      | 
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complete  pressing  plant  on  a  small  scale.    It  is  built  to  stand 
400.1b.  pressure,  so  that  one  could,  if  necessary,  connect  it  on 


the  main  discharge  line  to  larger  presses,  securing  thereby  an 
indication  of  what  a  distillate  should  yield  without  having  to 
wait  24  hr.  for  a  big  press  to  dry  out. 
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Sweating  Pans. — -The  elevation  of  a  modem  Bwoating  outfit 
("scaic  wax  sweater")  i.^;  presented  in  Fig,  285. 
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Fio,  2S4. — A  filler  press  for  experimental  purposes. 

The  Sweating  Process:  Engineering  Considerations. — Very- 
little  information  has  been  published  regarding  the  important 
sweating  process  and  not  infrequently  the  statements  of  refiners 
are  of  (i  confusing  nature.     The  variability  of  petroleum  and 


1 


Ciller"}. 


variations  in  the  methods  of  distillation  and  pressing  are  largely 
responsible  for  this  condition.     However,  the  actual  sweating 
of  paraffin  wax  is  practically  the  same  in  all  cases,'  the  only 
'  For  a  brief  general  description  of  this  proceaa,  see  p.  479. 
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difference  in,  operation  being  one  of  temperatiure,  both  as  to 
circulating  water  and  the  oven.  ^ 

The  Building. — ^The  building  in  which  sweaters  are  located,  or, 
as  it  is  sometimes  called,  the  ''oven/'  is  a  necessary  feature 
of  a  sweating  system,  both  as  to  location  and  construction.  It 
should  be  a  substantial  building,  either  of  brick  or  concrete,  and 
should  be  so  located  that  there  will  be  free  circulation  of  air  on 
all  sides.  All  doors  and  windows  should  be  large,  easily  opened, 
and  so  constructed  that,  when  closed,  they  will  make  the  oven 
practically  air-tight.  This  last  feature  is  especially  important, 
since  any  air  leakage  affects  the  evenness  of  the  room  temperature 
and  makes  steam  cost  unnecessarily  high. 

Pans. — ^There  are  many  different  sizes  and  shapes  of  pans  in  use 
at  the  present  time,  all  of  which  seem  to  be  giving  satisfactory 
results;  but  the  Samuel  L.  Moore  and  Sons  Corporation  considers 
8  ft.  wide  by  20  ft.  by  14  in.  deep,  each  stack  to  have  8  pans, 
as  the  best  size  for  small  plants.  Pan  stacks  should  be  so 
designed  that  the  entire  inside  surface  will  drain  to  a  common 
point,  usually  at  the  center  of  the  20-ft.  side,  and  this  pitch 
of  the  pans  must  be  accurate,  in  order  to  prevent  imperfect  drain- 
age and,  as  a  result,  an  inferior  quality  of  wax.  About  6  in. 
below  the  top  of  the  pan,  and  covering  the  entire  inside  area  there- 
of, there  should  be  a  galvanized-iron  or  brass-wire  screen  of  mesh. 
This  screen  should  be  securely  fastened  to  angle  irons  which  are 
riveted  to  the  sides  of  the  pan.  Care  should  be  taken  in  fasten- 
ing this  screen,  for  it  must  be  very  taut  and  perfectly  level. 

MeUing-doum  Coil, — This  coil  is  not  absolutely  necessary  and 
some  refiners  consider  it  entirely  useless,  but  it  has  been  found 
that  the  installation  of  such  a  coil  enables  one  to  empty  a  pan 
in  much  less  time  than  is  required  where  pans  are  not  so  equipped. 
The  coil  is  usually  made  up  of  a  main  line  with  several  branches. 
The  branch  pipe  has  a  number  of  small  holes  in  one  wall,  located 
at  regular  intervals,  and  in  a  position  suited  to  melt  the  wax 
rapidly. 

WcUer-^drcuJating  System. — This  system  is  one  of  the  indis- 
pensable features  of  sweater  plant  design,  although  it  frequently 
receives  but  little  attention.  The  coil  should  be  of  the  correct 
size  and  location,  and  one  should  have  as  perfect  control  of  the 
water  temperature  as  is  possible.  The  work  performed  by  the 
coil  itself  is  most  important,  as  this  feature  alone  practically 
determines  the  capacity  of  sweaters.    The  functions  of  this  coil 
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are:  first,  to  chill  the  molten  wax  preparatory  to  letting  it  down 
on  the  screen,  which  is  accomplished  by  circulating  cold  water; 
and,  second,  to  warm  the  entire  charge,  gradually  and  evenly, 
until  it  reaches  the  sweating  temperature,  this  being  jjcrformed 
by  the  hot  water  system.  Inasmuch  as  the  time  consumed  in 
emptying,  charging,  cooling  and  warming  to  the  required  tem- 
perature must  be  added  to  the  actual  time  required  to  sweat 
a  chaise  of  wax,  it  is  apparent  how  important  it  is  to  have  this 
accomplished  as  rapidly  as  possible  and  to  what  extent  this  eoil 
affects  the  sweater  capacity. 


Pio.  ^88. — The  "Taglmbue  system"  of  automatic  control  of  tlie  tempera- 
ture of  paraffin  v 


The  hot  water  system  is  essential  only  so  far  a^  control  of  the 
temperatimj  is  concerned,  but  the  watei^circulating  system  has 
an  important  part  in  determining  both  the  yield  and  the  quality 
of  the  finished  product.  There  are  a  number  of  methods  of 
controlling  the  water  temperature,  all  of  which  have  some  merit. 
The  importance  of  being  able  to  hold  the  water  at  a  certain  tem- 
perature without  variation  for  an  indefinite  period  is  not  fully 
recognized  by  some  refiners;  but  as  too  high  a  water  temperature 
means  a  decreased  jield  of  refined  wax,  and  too  low  a  tempera- 
ture results  in  a  slower  sweating,  and  in  consequence  leas  capacity, 
prominent  refinery  engineers  consider  that  the  installation  of  an 
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automatic  temperature  controlling  device  is  of  decided  advantage 
to  the  successful  operation  of  a  sweating  system.  The  Tag^iabue 
system  for  the  automatic  control  of  the  temperature'  of  wax 
sweaters  is  shown  in  Fig.  286. 

Oven  Heating  CoUs. — ^The  heating  coils  must  be  so  located  that 
the  oven  can  be  kept  at  a  certain  temperature  without  variation, 
the  temperature  to-  be  maintained  as  uniform  as  is  poaaible. 
Dry  heat  only  should  be  used  in  warming  the  oven  and  any  steam 
leakage,  no  matter  how  small,  should  be  stopped  at  once,  as  open 
steam  in  a  sweater  oven  affects  both  the  quality  of  the  wax  and 
the  capacity  of  the  plant. 

Piping. — ^Both  charging  and  run-down  lines  shotdd  be  of  ample 
capacity  in  order  that  time  lost  in  charging  may  be  reduced  to 
a  minimum  and  that  the  "sweat  oil''  ("foots  oil")  has  a  perfectly 
free  outlet.  * 

Testing  Press. — ^The  determination  of  the  amount  of  oil  and 
water  in  scale  wax  is  a  test  of  much  significance  in  practice. 
For  a  number  of  years  this  test  was  made  with  a  small  lever 
pump  and  hydraulic  press,  which,  although  very  inaccurate, 
answered  the  purpose  at  the  time;  but  when  the  differences 
between  crude  scale,  semi-refined,  and  refined  wax  were  more 
clearly  defined,  it  became  necessary  to  have  a  press  which  would 
give  positive  results.  The  next  press  to  appear  on  the  market 
was  a  compound  lever  press  which  was  a  decided  improvement 
over  the  old  hydraulic;  but  its  very  complicated  construction 
made  it  next  to  impossible  to  obtain  the  desired  accuracy,  and 
it  was  eventually  superseded  by  the  single  lever  press. 

A  testing  press  of  the  single  lever  type  is  shown  in  Fig.  287. 
This  press  is  so  designed  that  a  uniform  pressure  of  1,000  lb. 
per  square  inch  is  applied  to  the  entire  area  of  the  test  cup  and 
it  is  said  that  accurate  results  may  be  obtained  by  the  use 
thereof. 

The  procedure  emplojred  when  this  testing  press  is  used,  is 
usually  along  the  following  lines: 

Carefully  pulverize  and  weigh  500  grains  of  wax.  Place  two 
blotters  in  the  bottom  of  the  cup,  53^  in.  in  diameter:  on  these 
blotters  place  a  fine  linen  cloth  and  on  it  carefully  spread  the 
pulverized  wax,  placing  another  fine  linen  cloth  on  top  of  it,  and 
above  the  cloth  two  more  blotters.  Insert  the  plunger  on  top 
of  the  blotter  and  hold  imder  maximum  pressure  for  5  min. 
The  percentage  of  oil  and  water  in  the  sample  tested  is  obtained 
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by  weighing  the  remainiag  wax,  then  multiplying  the  Ices  in 
grains  by  two  (2)  and  poioting^ofF  one  decimal  place.  It  may 
also  be  'found  by  weighing  the  increase  in  the  weight  of  the 
blotters.  For  ahiuilute  accuracy,  the  wax  should  be  kept  at  a 
temperature  of  GOT.  throughout. 


Fia.  287.— Muore's  StatidHrd  Wax  Testing  prosa. 

The  Decolorizatioc  of  Paraffin. — In  the  production  of  paraffin, 
a  requisite  treatment  is  the  deeolorization  of  the  wax  from 
which  the  oil  has  been  removed.  While  there  are  several  mcthoda 
for  obtaining  a  final  product  of  desired  appearance,^  many 
refinery  engineers  consider  that  when  animal  charcoal,  or  "bone- 
black,"  ia  used  the  best  decoloriuing  results  are  obtained,  both 
as  to  complete  deeolorization  and  economy  of  material  used 
for  filtration,  the  "lx)ne-blaek"  being  employed  conliimously 
over  and  over  again  by  the  use  of  kilua  for  revivification.  It 
is  used  in  long  vertical  cylindrical  tanks  in  rooms  heated  from 
130°  to  180T.,  and  fullers'  earth  is  employed  in  the  same  way. 

In  the  apparatus  of  Hobert  Sayre  Kent,  Inc.  (Fig.  288),  thri 
"wax"  in  a  melted  condition  and  at  a  temperature  of  approxi- 
mately ISO^F.,  is  pumped  into  tanks  (11),  which  have  Huitable 
steam  coils  to  maintain  the  temperature.  Those  tanks  aro 
connected  by  piping  to  the  filters  (12),  which  are  filled  with 
"bone-black."  The  flow  is  from  the  tanks  into  the  tops  of  tlio 
filters  and  downward  through  the  body  of  hono-black.  Tho 
elevation  of  the  tanks  (II)  furnishes  sufficient  head  to  cnuMu 

In  this  connection,  see  the  apparatus  of  ItAHDOHa,  desi^ribecl  ia  DinnUr'* 
polyt.  J.,  216  (1876),  244. 
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the  wax  to  flow  through  the  filters  (12).  The  material  is  allowed 
to  flow  through  the  filters  as  long  as  the  product  is  crj'stal  clear. 
After  this,  the  "wax"  is  shut  off  and  the  filters  are  drained. 
Following  this  operation,  the  filter  bed  is  washed  throughout 
with  a  light  perfectly  clear  oil,  which  dissolves  and  carries  off 
all  the  wax  on  the  "char."  This  is  followed  by  a  steaming 
process,  which  removes  the  light  oil  and  dissolved  wax. 

This  operation  is  followed  with  a  washing  of  the  "char"  in  the 
filter  with  clear  hot  water,  after  which  the  "char"  is  ready  for 
removal  to  the  kiln  (5).  It  is  very  important  to  keep  the  "char" 
flooded  at  all  times  with  either  the  wax  to  be  filtered  or  the  oil  or 
water  for  washing  purposes. 

The  clear  melted  wax,  after  coming  from  the  filters,  is  pumped 
to  another  building,  where  it  is  run  into  cool  moulds  and  therein 
formed  into  cakes  of  such  sizes  as  the  trade  constmoing  it  de- 
mands. The  wax  turns  a  clear  opaque  white  in  chilling,  but,  if 
allowed  to  cool  very  slowly,  would  be  translucent. 

Returning  to  the  kiln  (5).  These  kilns  are  especially  designed 
with  patented  features  for  the  so-called  "burning"  of  the  bone- 
black,  since,  notwithstanding  the  care  in  washing,  some  wax 
remains  in  the  pores  of  the  "char"  and  must  be  removed,  as 
well  as  the  contained  organic  matter  given  up  by  the  wax  io 
decolorizing  it.  These  kilns  may  be  arranged  to  decarbonize  the 
"  char,"  thereby  increasing  the  output  of  wax  and  prolonging  the 
life  of  the  "char."  This  decarbonizing  is  done,  however,  by 
additional  apparatus  which  is  not  shown.  Methods  for  con- 
tinuously removing  the  dust  and  fine  particles  resulting  from 
the  continual  handling  back  and  forth  of  the  "  char,"  are  included 
in  the  system. 

The  remaining  operations  concern  the  "char"  and  are  the 
mechanical  ones  of  taking  the  wet  material  discharged  from  the 
filters  (12)  onto  the  belt  (1),  thence  to  elevator  (2),  onto  belt  (3) 
to  chute  (4)  into  the  hopper  on  top  of  kiln  (5).  In  kiln  (5)  the 
"char"  flows  from  the  bottom  of  the  hopper  into  caat-iron  re- 
torts, which  are  maintained  at  a  suitably  high  temperature, 
and  through  which  the  "char"  flows  downward  at  a  fixed  rate 
of  speed  and  Id  such  an  intermittent  manner  that  during  the 
progress  downward  all  the  "char"  is  brought  into  contact  with 
the  surface  of  the  retorts. 

Provision  is  made  at  the  top  of  the  retort  for  the  removal  of 
the  vapor  from  any  remsiniog  qU  or  wax  in  the  "char,"  and  also 
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removal  of  vapor  from  the  consumed  organic  matter  at  the  various 
lower  levels  of  downward  movement  of  the  "char"  in  the  retorts. 

The  finished  or  so-called  "bnrned  char"  is  discharged  into  the 
hopper  under  the  kiln,  thence  onto  belt  (6)  and  into  elevator  (7), 
and  from  there  by  belt  (8)  and  chute  (9)  into  the  storage  tank 
(10),  from  which  tank  the  filters  were  originally  filled. 

Wax  Moulding  Press. — The  Moore  wax  moulding  press  is 
similar  in  construction  to  a  hydrauUc  filter  press  in  which  the 
rin^  and  filter  plates  have  been  substituted  by  moulds  and 
cooling  plates.  The  sides  of  the  moulds  and  cooling  plates  are 
extended  3  in.  above  the  tops,  so  that  when  the  "ram"  has 
pushed  the  movable  platen  into  place,  an  open  gutter  or  reserve 


Fig.  289.— The  Mi 


patent). 


Space  is  formed  along  the  top  of  the  press  over  its  entire  length, 
which  insuies  communication  with  every  mould.  The  moulds 
are  made  of  heavy  galvanized  iron,  in  order  to  prevent  corrosion 
and  the  appearance  of  rust  in  the  wax.  They  are  constructed 
BO  that  each  frame  will  mould  two  cakes  in  one  operation. 

Fig.  289  shows  a  hundred-plate  Moore  wax  moid<^ng  press 
for  machine-moulding  paraffin  wax  by  the  Gray  method.  A  view 
of  the  type  of  refined  wax  caking  machine  in  use  by  several 
large  refiners  in  the  Mid-Continent  field  is  given  in  Fig.  290. 
Operatio7i  of  the  Moore  MouXding  Press.' — -After  the  frame  i 
'  This  preaa  te  said  to  require  only  one-hftlf  of  the  floor  space  necesBory  f( 
the  old-style  panning  syBtom.  Moreover,  the  wax  may  he  moulded  ii 
season,  regardless  ot  weather  conditioufl. 
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set  up,  the  plates  and  moulds  are  put  in  position  by  first  plac- 
ing a  plate  next  to  the  stationary  platen,  and  then  alternating 
moulds  and  plates  until  the  entire  equipment  is  in  place,  which 
should  bring  a  cooling  plate  next  to  the  movable  platen.  The 
rubber  hose  inlet  and  outlet  connections  are  then  made  and  the 
press  is  ready  for  operation. 

To  prepare  the  presa  for  charging,  pressure  is  applied  to  the 
hydrauhc  cylinder,  which  moves  the  movable  platen  along  the 
rods  until  it  comes  into  contact  with  the  first  coohng  plate.  The 
pressure  is  then  held  at  approximately  500  lb.  per  square  inch. 
A  split  collar  is  planed  over  the  rod  behind  the  head,  and  a  tappred 


Fio.  290. — The  re&aed  paraffin  wax  caking  machiue  in  a  Kansas  rclLnerj-. 

key  is  driven  in  behind  this  collar  in  a  keyhole  in  the  rod  for  this 
purpose.  The  pressure  may  then  be  relieved,  as  the  key  will 
hold  the  platen  in  position.  The  press  is  then  ready  for  its  initial 
charge.  The  water  is  now  turned  on,  the  vulve  on  the  wax  line 
is  opened  and  the  presa  is  filled  as  rapidly  as  possible.  It  is 
necessary  to  have  wax  enough  in  the  reserve  space  to  make  up  for 
the  shrinkage  due  to  the  chilling.  No  set  rule  can  be  given  for 
the  amount,  for  the  operator  determines  this  by  practice. 

When  there  is  enough  molten  wax  in  the  press  to  make  perfect 
cakes,  adding  a  little  if  necessary,  the  hot  plate  is  placed  on  the 
top  of  tlie  press.     This  hot  plate  is  necessary  in  order  to  keep  the 
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X  warm  wliile  it  is  shrinking  into  the  moiUds,  and  tc 
the  sur[]liis  wax  from  forming  on  the  top  of  the  press  after  the 
was  becomea  chilled.  In  2  to  Sfa  hr.  from  the  time  the  press  is 
filled,  the  wax  is  ready  for  remox'al,  the  time  required  depending 
upon  the  melting  point  of  the  wax  and  the  temperature  of  the 
cooling  medium.  As  soon  as  the  wax  becomes  chilled,  the  top 
plate  is  removed,  the  surplus  wax  is  scraped  oft,  and  pressure  is 
again  applied  to  the  cylinder.  Finally,  the  key  is  driven  out, 
the  movable  platen  is  drawn  back,  and  the  finished  wax  is 
removed  by  pulling  back  the  cooling  plates. 

In  wax  moulded  by  the  Gray  method  the  cake  has  perfectly 
square  edges  and  is  of  uniform  thickness  throughout,  whereas 
the  product  of  the  panning  method  has  all  four  edges  beveled 
and  the  top  hollow.  It  is  claimed  that  200  lb,  of  wax  moulded 
by  the  Gray  method  may  l>e  packed  in  a  case  19.1^  in.  wide  by 
12  in.  deep  by  37  in.  long,  while  only  216  lb.  of  pan  moulded  wax 
may  be  put  into  the  same  size  case. 


^K       and 
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Exchangers. — When  petroteimi  is  distilled  continuously,  it  is  1 
usual  to  transfer  the  heat  from  the  reduced  oil  passing  from  the  1 
last  still  to  the  oil  being  charged  into  the  first  still  of  the  battery. 
This  transference  is  effected  by  passing  the  hot  and  cold  oil  in 
opposite  directions  through  an  exchanger  of  a  system  of  coils  in 
a  steel  shell. 

Figure  291  gives  the  spccifictttions  for  a  heat  i 
ft.  in  diameter  by  18  ft.  6  in.  in  length. 

Receiving  Boxes  and  Manifolds. — The  pipes  which  connect  the 
condenser  coils  with  the  "tail  house,"  generally  located  some 
distance  from  the  condensers,  are  known  as  the  "  running  lines." 
These  lines  are  intercepted  in  the  "tail  house"  by  "look". 
"inspection"  boxes,  in  order  that  the  distillate  coming  from  the  1 
condenser  (the  "stream")  may  be  observed  by  the  stillman  ia   ' 
charge.     The  "look  boxes"  are  provided  with  glass  doors  and 
sometimes  with  cocks  for  taking  samples,  and  they  are  connected  J 

'  The  following  works  may  be  found  to  contain  suggestive  information  a 
mechanical  appliances  adapted  (or  use  m  petroleum  refineries:  Pabmicks's  A 
"Die  Maschinellen  Hiltsmittel  der  Chemise  hen  Technik,"  2nd  ed.;  Naobl^.J 
"The  Mechanical  Appliances  of  the  Chemical  and  Metallurgical  Industriee," 
2nd  ed.;  and  Naoei^'s  "The  Layout,  Deeigp  and  Construction  of  Chemioal  I 
and  Metallurgical  Plants,"  ISll. 


I 
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^Frc.  ■j;i::.  — IliT-.'ivniK  h, ,,!>.■  n(  ihr  rrilurinc  i-(ilU  in  l),('  plant  of  the 
Niilionul  Ui'finiiig  Uorupany,  CoiI(;i-\'iUe,  Kausaa,  showiuu  look  boxes" 
and  111  anif  olds. 
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at  the  bottom  with  manifolds  usually  having  valves,  so  that  the 
oil  may  be  nm  into  the  tank  desired. 

Figure  292  shows  a  ''look  box''  equipped  with  a  glass  face,  a, 
and  discharging  itito  the  pipes  1  to  5,  having  cocks  arranged  so 
that  the  distillates  may  be  conducted  into  any  one  tank.  Such 
boxes  should  be  gas-  and  oil-tight,  and  facilities  for  sampling  the 
oils  and  cleaning  the  glass  should  be  provided.  The  standard 
patterns  are  furnished  with  flange  connections  in  sizes  from  2 
in.  to  4  in.  inclusive. 

Figure  293  shows  the  "look  boxes"  and  manifolds  in  the 
receiving  house  at  the' reducing  stills  of  the  National  Refining 
Company,  Coffeyville,  Kan. 

Traps. — In  some  refineries  the  vapor  pipes  from  the  stills  are 
brought  side  by  side  before  connection  with  the  condenser,  and  each 

Oat 
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Fia.  294— Gas  trap. 

vapor  pipe  terminates  in  a  gas  trap,  which  allows  the  liquid  por- 
tion of  the  distillate  to  flow  through  but  checks  the  gas  so  that  it 
passes  off  through  a  pipe.    Fig.  294  exhibits  a  gas  trap  of  this  type. 

The  "running  lines"  referred  to  under  receiving  boxes,  are 
usually  provided  with  traps  for  separating  the  imcondensed  gas. 

Spray  Nozzles. — Centrifugal  spray  nozzles^  have  been  em- 
ployed in  petroleum  refineries  for  washing  oils  at  the  smallest 
possible  consiunption  of  water.  They  might  be  similarly  used 
in  the  chemical  treatment  of  petroleum  products. 

^  For  a  consideration  of  liquid  atomization,  see  Nagbl's  "The  Trans- 
portation of  Gases,  Liquids  and  Solids,"  1909|  88-124. 
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FIRE  EXTINCTION 

The  exlinguiahiog  of  fires  in  oils  and  la  most  of  the  volatile 
liquids  has  always  been  a  difficult  problem,  aad  where  fires 
of  this  kind  occur  the  results  are  frequently  very  disastrous. 
The  most  common  extinguishing  agent,  water,  is  rather  un- 
satisfactory in  the  majority  of  such  fires,  but  it  is  oft«n  the 
only  one  available,  especially  where  .heroic  measures  are  re- 
quired. Comparatively  recently,  however,  there  have  been 
two  or  three  other  materials  introduced  for  use  as  extinguishers 
which  have  shown  some  promise  for  dealing  with  these  fires. 

Not  all  fires  in  volatile  liquids  are  difficult  to  handle  with  water. 
When  the  Uquid  is  miscible  with  water,  this  extinguishing  agent 
can  be  successfully  used.  Examples  of  this  kind  are  denatured 
alcohol,  wood  alcohol,  etc.  Where  the  hquid  is  not  miscible 
with  water,  Uttle  or  no  effect  is  produced  except  to  wash  the  burn- 
ing liquid  out  of  the  building  where  it  may  be  completely  con- 
sumed, or,  if  the  quantity  of  oil  is  small,  possibly  to  extinguish 
the  fire  by  the  cooling  effect  of  a  large  quantity  of  water  sprayed 
upon  the  fire.  Sodium  bicarbonate  and  acid  solutions  are  some- 
what more  effective  than  water,  but  even  they  fail  under  most 
conditions.  The  various  grenades  containing  salt  solutions, 
which  were  formerly  extensively  exploited,  are  said  to  be  prac- 
tically worthless. 

The  principles  that  can  be  made  use  of  in  extinguishing 
fires  in  petroleum  and  its  volatile  products  are:  (a)  to  form  a 
blanket  either  of  gas'  or  of  solid  material  (as,  for  example,  foam) 
over  the  burning  liquid,  to  exclude  the  oxygen  of  the  air;  or 
(h)  to  dilute  the  burning  liquid  with  a  non-inflammable  ex- 
tii^uishing  agent  which  is  miscible  with  it,  such  as  carbon 
tetrachloride.'  The  cost  of  the  last-mentioned  prohibits  its 
use  in  the  petroleum  industry.* 

'  In  the  Coatings,  Cal.,  fields,  where  there  is  frequently  but  little  fire  pro- 
tection, owing  to  the  freedom  from  lightning,  a  source  of  diiDger  in  other 
regions,  same  tanks  arc  provided  with  steam  pipes  below  their  roofs. 

"  BRBaLAOER  (United  States  Patent  990521,  Apr.  25, 1911)  hna  claimed  a 
method  of  extinguishing  fires  from  burning  petroleum  by  adding  free 
bromine  to  the  burning  mass.  Carbon  tetrachloride  is  used  a»  the  solvent 
for  the  bromine.  In  1S75,  Ohmeqaitck  (.It?!.  Chemist,  6,  292)  proposed 
that  chloroform  be  used  for  extinguishing  conflagrations  of  petroleum. 

*  On  the  factors  affecting  fire  hazard  of  oil  producing  and  refining  prop- 
erties, see  GuNNiBOv,  Weaiem  Eng.,  Dec.,  191B. 
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Id  1882,  the  use  of  ammonia  for  extinguishing  petroleum  firea 
was  under  the  consideration  of  a  committee  of  the  Polytechnic 
Society  at  Munich.'  Although  the  committee  was  not  in  a  posi- 
tion to  recommend  the  best  method  of  using  ammonia  or  ammonia 
liquor  for  this  purpose,  they  expressed  the  opinion  that  its  em- 
ployment was  well  worth  the  consideration  of  those  who  had 
petroleum  stores.  Watson  Smith^  pointed  out,  about  the  same 
time,  that  ordinary  ammoniacal  gas-liquor  of  from  5"  to  G°Tw. 
was  a  cheap  and  accessible  extinguisher  for  tar  refineries,  etc. 

W.  GrafE  &  Co.  have  patented'  the  use  of  oxy-halides  of  sulphur, 
especially  SOjCIj,  for  extinguishing  oil  fires  which  cannot  be  put 
out  by  smothering  with  sand  or  by  the  dilution  of  the  burning 
oil  with  carbon  tetrachloride.  The  gas  is  heavier  than  air  and 
extinguishes  the  fire  by  displacing  the  oxygen.* 

The  use  of  frothy  mixtures  for  fire  extinction  was  investigated 
at  Wilhelmsburg,  near  Hamburg,  Germany,  in  1911,  in  the 
presence  of  oEficials  representing  the  Prussian  Fire  Brigade.' 
A  solution  of  caustic  soda  containing  froth-forming  ingredients, 
and  a  solution  contaiiung  alum  and  other  chemicals,  were  mixed 
together  by  means  of  carbon  dioxide,  which  resulted  in  the  pro- 
duction of  a  foam  consisting  of  bubbles  filled  with  carbon  dioxide; 
the  foam  was  then  directed  on  to  thesurfaccof  burning  petroleum, 
tar,  etc.  It  was  reported  that  2  liters  of  the  mixed  liquids,  when 
directed  on  to  light  petroleum  spirit,  gave  13  liters  of  foam,  the 
volume  of  which  diaiinlshed  by  5  per  cent,  in  5  rain.,  14  per  cent, 
in  10  niin.,  47  per  cent,  in  30  min.,  and  76  per  cent,  in  1  hr.  In 
one  series  of  tests,  the  plant  employed  comprised  two  reservoirs, 
each  of  5-cm.  capacity,  from  which  the  solutions  were  delivered 
to  the  mixer  by  two  duplex  feed  pumps  at  the  rate  of  about  160 
liters  per  minute.  The  foam  was  discharged  from  the  mixer 
through  a  pipe  of  80-mm.  diameter,  which  branched  into  two  pipes 
of  52-mm.  diameter.  Fifteen  tons  of  crude  benzine  were  ignited 
in  a  brickwork  tank  of  10  m.  diameter;  and  after  the  fire  had 
burned  for  5  min.  in  a  strong  wind,  the  foam  was  applied  under 

>  Faxb.  MmL  Zig.,  1883,  No.  26. 

*/.  Soc.  Ckem.  Ind.,  1,  351. 

»  German  Patent  201393,  June  4,  1906. 

*  FBtroUum,  4,  927  (editorial). 

•  Prtnaa.  Fsuervxhr-Bevat,  Dnickmehe,  1911,  No.  4;  Eng,  Min.  J.,  93 
(1911),  201;  Hamor,  J.  Ind.  Eng.  Chem.,  4  (1912),  309;  Etig.,  Jan.  12,  1912, 
62.  The  Standard  Oil  Company  controls  a  process  which  extinguiBheB 
fire  by  me&na  of  a  cbemicalty  formed  foam. 
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a  pressure  of  2  atmospheres.  The  fire  was  soon  atified,  except 
for  isoluted  jets  of  flame  near  the  edge  of  the  tank,  and  com- 
pletely extinguished  in  6  min.;  after  10  min.,  on  removing  the 
layer  of  foam,  the  lienzine  could  be  immediately  relighted. 
About  1,800  liters  of  the  mixed  liquids  were  consumed.  The  re- 
sults seemed  to  demonstrate  that  it  was  advantageous  to  apply 
Uie  foam  under  a  low  pressure,  in  oi-der  that  it  might  spread  quietly 
over  the  burning  surface.  Another  teat  was  made  on  burning 
tar  with  satisfactory  results. 

In  1914,  J.  B.  Erwin  and  0.  R.  E>win  were  granted  patents*  for 
a  process  of  extinguishing  fires  in  oil  tanks  by  mixing  acid  and 
alkaline  carbonate  solutions  in  a  chamber  separated  from  but 
adjacent  to  the  oil  tank  and  allowing  the  foam  to  overflow  un- 
restricted from  the  top  of  the  reaction  chajuber  into  the  oil  tank 
above  the  oil. 

Figures  295-300  show  the  operation  of  tlie  Erwin  fire  ex- 
tinguisher Bystera'  aa  applied  to  oil  tanks  in  refineries  and  in 
oil  fields.  In  this  system  foam  is  automatJcatly  discharged, 
in  case  of  fire,  by  the  fusion  of  lead  links.  In  tests  conducted 
at  Midland,  Pa.,  on  a  tank  115  ft.  in  diameter,  the  fire  was 
completely  extinguished  in  approximately  1  min,  and  10  sec. 
The  figures  shown  herewith  are  from  photographs  of  a  second 
demonstration,  wherein  the  fire  was  allowed  to  continue  for 
5  min.  with  the  automatic  features  removed  from  the  system; 
at  the  expiration  of  that  time,  the  fire  extinguisher  was  dis- 
charged and  extinction  resulted  in  approximately  45  sec.  after  it 
began  to  oper.ite. 

According  to  the  process  of  E.  Bartels,'  fires  in  oil  tanks  or 
boats  are  extinguished  by  mixing  acid,  sodium  bicarbonate  and 
extract  of  licorice  root  ui  a  chamber  near  the  tank  in  which  the 
fire  is  to  be  extinguished,  and  conducting  the  mixture  produced 
to  the  point  of  use  by  the  pressure  of  the  gas  which  is  generated 
from  the  mixture. 

The  extinction  of  fires  in  oils  has  been  discussed  by  Barrier 
in  several  contributions.*    He  maintains  that  sawdust,  moist  or 

'  United  State)  Patent  1086806,  Feb.  3,  1M4;  EngUah  Patent  2142. 
Jan.  2t,  1914. 

'  Publinhed  by  eourtesy  o£  the  Treadwell  Constructioa  Co.,  Midland,  Pfc. 

■  United  StatcB'  Patent  1U6887,  Nov,  3,  1914. 

•  Met.  Chem.  Ind.,  13,  99;  Western  Eng.,  S  (1913),  478;  and  Metal  Ind., 
U,  119,    See  also  Bowie,  Western  Eng.,  i  (1914),  105. 
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dry,  soft  or  hard  wood,^  is  superior  to  sand  for  extinguishing  fires 
in  tanks  of  inflammable  liquids;  that  carbon  tetrachloride  is 
useful  as  an  extinguisher,  but  that  its  anesthetic  properties  pre- 
vent its  general  use;  and  that  frothy  mixtures  wilP  prove  to  be 
the  most  efBcient. 

Leakage  aboard  naval  vessels  using  oil  fuel  has  resulted  in  the 
demand  for  an  extinguishing  material  which  will  flow  into 
corners.  Williams'  states  that  the  most  promising  system  is  the 
use  of  a  foam  mixture  composed  of  glue,'  glucose,  sodium  bi- 
carbonate, salicylic  acid,  aluminum  sulphate,  sulphuric  acid,  and 
water.  The  aluminum  sulphate  and  sodimn  bicarbonate  produce 
carbon  dioxide;  the  glue  renders  the  liquid  viscous  and  produces 
foam;  the  salicylic  acid  is  a  preservative  for  the  glue  and  glucose, 
which  in  turn  acts  as  a  stabilizer  to  retard  the' precipitation  of 
aluminum  hydroxide. 

^  Ten  pounds  of  sodium  bicarbonate  per  bushel  of  sawdust  is  an  improve- 
ment. 

Faoax  (United  States  Patent  1148763,  Aug.  3,  1915}  extinguishes  oil 
fires  by  blowing  onto  the  surface  of  the  burning  oil  a  light  powder  such  as 
sawdust  or  cork,  or  other  material  which  will  float  on  the  oil,  the  particles 
of  which  are  coated  or  mixed  with  a  fire-extinguishing  liquid,  such  as  the 
reaction  products  of  sodium  bicarbonate  and  sulphuric  acid.  For  other 
fire-extinguishing  compositions,  see  W.  W.  Walker,  United  States  Patent 
1161090,  Nov.  23, 1915;  and  Stanziq  and  Kdmo,  English  Patent  16967, 
July  17,  1914. 

>  Eng.  New8f  67,  921. 

'  Extract  of  licorice  root  is  preferable  on  account  of  its  unobjectionable 
odor.  Quillaia  bark  and  saponin  are  other  foam-forming  substances  which 
can  be  employed. 


CHAPTER  XV 
HYGIENIC  CONSIDERATIONS 

Crude  petroleum,  as  well  as  many  of  its  distillation  products, 
may  be  a  source  of  considerable  cutaneous  and  other  irritation, 
especially  among  workmen  who  are  unhygienic  in  their  habits. 
Thus  Bertenson,^  who,  in  1895,  made  a  special  study  of  the 
workmen  employed  at  the  petroleiun  wells  of  Tartary  and 
Persia,  found  that,  among  8,465  workmen,  1,216  had  various 
skin  eruptions  and  1,475  suffered  from  respiratory  diseases.  In 
the  United  States,  however,  the  modern  methods  of  treating 
and  transporting  petroleimi  and  its  products,  now  largely 
carried  out  by  mechanical  means,  have  reduced  the  hazards  to 
a  minimum.  Cleaning  out  petroleum  stills,  agitators  and  tanks 
is  one  of  the  main  risks.  In  general,  the  lightest  products  of 
distillation  are  the  most  toxic;  they  possess  an  anesthetic  action 
and  may  decompose  or  liberate  hemoglobin  from  the  red  blood 
cells.  Experimentally,  in  animals,  the  inhalation  of  these 
products  gives  rise  to  congestion  of  the  lungs  and  kidneys.* 

In  1914,  Hayhurst*  investigated  the  refining  of  petroleum  in 
four  Ohio  establishments.  He  found  that  practically  every- 
thing was  handled  by  the  most  modern  devices,  whereby  most 

1  D,  VierUljahrsachr,  /.  dfferUL  ges.-Pfl.,  30  (1898),  315;  Gom.  Jwm,,  3 
(1897),  216. 

'  Poincar6  {J,  Pharm.,  (6),  7,  290-291)  kept  animals  continuously  in  an 
atmosphere  which  was  frequently  charged  with  the  vapor  of  petroleum. 
The  effects  observed  were  principally  greater  frequency  and  amplitude  of  the 
respiratory  movements,  a  diminution  of  the  cardiac  movements,  and  a 
greater  intensity  of  the  beating  of  the  heart.  This  was  accompanied  by 
cutaneous  irritation,  and  a  general  tendency  to  sleep  and  languor.  Guinea- 
pigs  finally  succumbed  under  the  treatment.  The  autopsy  showed  general 
congestion.  According  to  Poincar6,  workmen  engaged  in  the  distillation  of 
petroleum  complain  of  heaviness  in  the  head  and  great  irritation  of  the 
mucous  membrane  of  the  nose.  On  the  toxicology  of  petroleum,  see 
Lbgiudic  and  Turlais'  "Recherches  sur  la  Toxicit6  du  P6trole  et  quelque- 
unes  de  ses  Actions  Physiologiques,"  Paris,  1916.  On  the  effects  of  breath- 
ing air  charged  with  petroleum  vapor,  see  Chem.  News,  47, 191.  • 

•"Industrial  Health-hazards  and  Occupational  Diseases  in  Ohio," 
Ohio  State  Board  of  Health,  1915,  339. 
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materials  were  confined  and  moved  from  place  to  place  by  means 
of  pumps  and  piping,  so  that  the  workers  had  little  to  do  outside 
of  watching  the  machinery  and  of  opening,  cleaning  and  closing 
of  stills  and  tanks.  Hoods  and  exhausts  were  generally  present 
where  required.  General  health-hazards  were  limited,  although 
many  of  the  workmen  were  exposed  to  inclemencies  of  the  weather 
and  long  hours  prevailed.  It  was  reported  that  cases  of  sore 
eyes,'  due  to  the  action  of  the  products,  were  not  infrequent; 
that  the  workers  complained  of  the  effects  of  hydrogen  sulphide,* 
sulphur  dioxide  and  sprays  of  sulphuric  acid  in  some  refineries; 
and  that  dust  was  bad  in  a  desulphurizing  process  using  a  mixture 
of  copper,  lead  and  iron  oxides.  Hayhurst  states  that  "the 
development  of  'paraffin  cancer'  has  been  found  to  occur  in 
the  handlers  of  the  crude  heavy  products,  as  well  as  considerable 
dermatitis  and  acne." 

PETROLEUM  REFIITERY  HYGIENE 

Effect  of  Petroleum  on  Health. — Industrial  poisoning  in  the 
petroleum  industry  is  attributable  to  the  vapors  evolved  from 
crude  petroleum  or  its  products.  Such  poisoning  may  occur  in 
the  production  of  crude  petroleum,  in  storage  and  transport 
(in  badly  ventilated  tanks  on  board  ship,  and  in  entering  pe- 
troleum tanks),  in  the  refinery  in  cleaning  out  petroleum  stills, 
agitators,  and  tanks,  and  in  emptying  out  the  residues.  Further 
cases  occur  occasionally  from  the  employment  of  benzine  in 
chemical  cleaning.  In  addition  to  poisoning,  the  injurious  effect 
of  petroleum  and  certain  of  its  products  on  the  skin  is  to  be  con- 
sidered. Opinion  ia  unanimous  that  the  injurious  action  of 
mineral  oil  in  this  respect  ia  hmited  to  petroleum  products 
with  high  boiling  points  and  to  residues. 

Official  Prussian  statistics  show  that  the  general  health  of 
petroleum  workers  ia  favorable.  These  statistics  related  to  1,380 
persons,  of  whom  43  were  suffering  from  symptoms  attributable 
to  their  occupation.  Of  these  43,  nine  only  were  cases  of  poi- 
soning, the  remainder  being  all  cases  of  "petroleum  acne." 

'  Three  positive  ceaoB  ot  conjunctivitiH  are  mentioned  (ibid.,  368). 

*  The  still  gaeca  froiii  lefineriea  handling  Gulf  field  crude  petroleums  (eee 
p.  71)  coDtaiD  Hulphur  compounds  and  have  also  been  the  cause  of  com- 
plaint, There  are  instances  on  record  of  the  death  of  aiiimab  from  the 
inhalation  of  these  gases  and  of  the  prevalence  of  "pink  eye"  funong  work- 
men exposed  to  their  action.  Care  is  now  exercised  in  practice  and  the  still 
gaaes  are  confined  as  much  as  possible. 
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The  conditions  in  French  refineries  appear  to  be  satisfactory 
from  statistics  collected  in  the  years  1890-1903.  Eighteen  cases 
of  "petroleum  acne"  were  reported,  eleven  of  which  occurred 
at  the  paraffin  presses,  five  in  cleaning  out  the  still  residues,  and 
two  in  filling  vessels. 

The  conditions  have  been  less  favorable  in  the  Russian  pe- 
troleum industry.*  The  workers  at  the  naphtha  wells  suffer 
from  acute  and  chronic  affections  of  the  respiratory  organs.  This 
is  particularly  the  case  with  those  who  cover  the  wells  with  cast- 
iron  plates  to  enable  the  flow  of  naphtha  to  be  regulated  and 
conducted  into  the  reservoirs.  In  doing  this  they  inhale  naphtha 
spray. 

Lewin'  has  referred  to  cases  of  severe  poisoning  with  fatal  issue 
among  American  workers  employed  in  petroleum  tanks.  One 
man  who  wished  to  examine  an  outlet  pipe  showed  symptoms 
after  only  2  min.  Weinberger  has  described  severe  poisoning 
of  two  workers  engaged  in  cleaning  out  a  vessel  containing 
petroleum  residuum.' 

Respiratory  affections  were  rarely  found  among  workmen  en- 
gaged at  the  Carpathian  wells,  but  poisoning  symptoms  involving 
unconsciousness  and  cerebral  symptoms  occurred  frequently. 

These  experiences  undoubtedly  indicate  differing  physiological 
effects  of  different  kinds  of  petroleum.  This  is  supported  by  the 
view  expressed  by  Sharp'  that  different  kinds  of  American  pe-' 
troleum  have  different  effects  on  the  health  of  the  workers,  which 
can  be  credited  on  account  of  the  variations  in  composition. 
Thus  where  natural  heavy  oils  are  obtained,  asphyxia  from  gas 
is  unknown,  although  transient  attacks  of  headache  and  giddi- 
ness may  occur;  whereas  in  cases  where  light  oils  are  obtained, 
suffocative  attacks  may  not  be  infrequent.  It  is  stated  that 
some  petroleum  products  irritate  the  respiratory  passages,  while 
others  affect  the  central  nervous  system.* 

Scheller  and  Stauss*  reported  that  the  presence  of  carbon  mon- 
oxide in  the  gases  resulting  from  the  distillation  of  petroleum 
residues  containing  paraffin  was  the  cause  of  the  death  of  a  work- 

•  Bbhtknbon,  foe.  eit. 

*  Arch.  path,  anat.,  Ua  (1887).  35. 
»  Wien.  Med.  Halle,  i  (1863),  40. 

*  Med.  News,  Aug.,  1888,  150. 
'  Felix,  D.  YisrldjahrMchr.  J.  dffenti.  gen.-Pfi..  1873,  226. 

•  Petrolcunt,  8,  849.     Carbon  monoside  haa  also  been  the  cs 
drilling  operations  (SHSBWBBimr,  Analytt,  37,  486). 
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man  engaged  in  repairing  the  interior  of  a  still  which  had  been 
employed  for  such  distillation.  Experiments  with  mice  showed 
that  the  vapors  of  benzine  had  an  injurious  effect,  but  that  the 
mice  were  readily  restored  to  life  by  means  of  air  or  oxygen. 
Placed  in  the  gases  from  the  distillation  of  lubricating  oil,  mice 
died  qiiickly.  An  analysis  of  these  gases  gave  the  following 
results: 


p«r  cent.        'l  per  oeil. 

per  ctnt. 

.End  of 

Carbon  dioxide 

Unsaturated  hydrocar- 

3.5 
16.0 

3.5 

77-0 

6.0 
8.5 

12.0 

73.5 

3-0 
16.6 

3.5 

77  0 

2.5 
10,0 

The  amount  of  carbon  monoxide  in  the  gases  from  the  dis- 
tillation of  crude  oils  from  different  localities  varied  from  1.1 
to  8.0  per  cent.  The  formation  of  carbon  monoxide  was  assumed 
by  Scheller  and  Stausa  to  be  caused  by  the  decomposition  of  the 
acids  and  esters  present  in  the  residues.  No  trace  of  carbon 
monoxide  was  found  in  the  gases  when  the  residues  were  treated, 
before  distillation,  with  alkali  and  washed  well.  Refined  machine 
oil  yielded  no  carbon  monoxide.  The  introduction  of  air  during 
distillation  caused  the  formation  of  carbon  dioxide  in  the  gases 
from  the  distillation  of  a  reBned  machine  oil,  which,  in  the 
absence  of  air,  gave  no  carbon  monoxide. 

There  is  authoritative  mention  in  the  literature  of  the  occur- 
rence of  cases  of  poisoning  in  the  refining  of  petroleum,  from  in- 
halation of  the  vapors  of  benzine  and  gasoline.  Fata!  cases 
have  been  recorded  in  badly  ventilated  workrooms  in  which  the 
products  of  distillation  are  collected.  Workmen  constantly 
employed  in  these  rooms  may  develop  chronic  poisoning,  which 
is  reported  also  in  the  case  of  women  working  with  benzine. 
Intoxication  has  sometimes  been  observed  among  the  workmen 
employed  in  cleaning  out  tank  cars  in  which  mineral  oils  are 
shipped. 

Foulerton' has  described  severe  poisoningin  a  workman  who  had 


'  Lancet,  \ 
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climbed  into  a  petroleum  reservoir,  and  two  similar  cases  from 
entering  naphtha  tanks  in  England  are  given  in  the  Report  of 
the  Chief  Inspector  of  Factories  for  1908.  Two  fatal  cases  were 
reported  by  the  Union  of  Chemical  Industry  in  Germany  in  1905, 
in  connection  with  naphtha  stills.  Such  accidents  are  hardly 
possible,  except  when,  through  insufficient  disconnection  of  the 
still  from  the  further  system  of  pipes,  noxious  distillation  products 
pass  backward  into  the  opened  still  where  persons  are  working. 
Ordinary  cocks  and  valves,  therefore,  do  not  afiford  sufficient 
security.  Thus,  according  to  Rambousek,^  several  workers  en- 
gaged in  repairing  a  still  were  rendered  imconscious  by  gases 
drawn  in  from  a  neighboring  still,  and  recovered  only  after 
oxygen  inhalation.  The  gases  evolved  during  the  distillation  of 
''sulphur  crudes,"  such  as  the  petroleimis  of  the  Lima-Indiana 
and  Gulf  fields,  should  always  be  confined  as  much  as  possible.* 

Gowers  described  a  case  of  chronic  poisoning  following  on 
frequent  inhalation  of  gases  given  off  from  a  petroleimi  motor, 
the  symptoms  being  slurring  speech,  difficulty  of  swallowing,  and 
weakness  of  the  orbicularis  and  facial  muscles.  He  beUeved 
this  to  be  petroleum  gas  poisoning  (from  incomplete  combustion), 
especially  since  the  symptoms  disappeared  on  giving  up  the  work, 
only  to  return  on  resuming  it  again.* 

Recent  literature*  mentions  the  occurrence  of  "petroleum 
eczema"  in  a  firebrick  and  cement  factory.  The  workers  afifected 
had  to  remove  the  bricks  from  moulds  on  to  which  petroleum  had 
dropped.  An  eczematous  condition  was  produced  on  the  inner 
surface  of  the  hands,  necessitating  abstention  from  work.  The 
pustular  eczema  in  those  employed  only  a  short  time  in  pressing 
paraffin  in  petroleum  refineries  is  referred  to  as  a  frequent  occur- 
rence. Practically  all  the  workers  in  three  refineries  in  the  dis- 
trict of  Czernowitz  were  affected.  The  view  that  it  is  due  to 
insufficient  care  in  washing  is  supported  by  the  report  of  the 
factory  inspector  in  Rouen,  that  with  greater  attention  in  this 
matter  on  the  part  of  the  workmen  marked  diminution  in  its 
occurrence  followed. 

The  injury  to  health  produced  by  crude  petroleum  and  its 

^  "Industrial  Poisoning,"  1913.  On  dangers  of  distilling,  see  also  Ckem, 
News,  6,  312. 

*  See  p.  609. 

»  Ramazzini,  2  (1908),  226. 

*  Kambousek,  op.  cit. 
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products  is,  then,  of  two  kinds.'  Direct  contact  with  liquid 
petroleum  and  the  semi-liquid  and  solid  residues  after  distilla^ 
tioa  may  cause  local  injury  to  the  skin.  Inhalation  of  the 
volatile  constituents  of  crude  petroleum  may  produce  symp- 
toms affecting  mainly  the  central  nervous  system;  they  have, 
moreover,  a  markedly  irritating  effect  upon  the  mucous  mem- 
brane of  the  respiratory  organs.  These  substances  show  clearly 
that  the  hydrocarbons  boiling  at  low  temperatures  act  as  nerve 
poisons,  whereas  those  boiling  at  higher  temperatures  produce 
a  local  irritant  effect. 

Symptoms. — The  symptoms  of  petroleum  poisoning*  may  be 
either  acute  or  chronic, 

Acute  Type. — The  acute  form,  known  sometimes  as  "  petroleum 
intoxication,"  may  be  very  acute  and  promptly  fatal.  The 
victim  is  seized  with  sudden  weakness  of  the  legs  and  dyspnea. 
He  may  fall  down  in  coma  and  die  of  asphyxia  on  entering  a 
no n- ventilated,  partially  emptied  reservoir,  Korjenevski  re- 
ported the  case  of  a  man  who  worked  for  a  day  at  a  petroleum 
well,  when  he  was  seized  with  hemoptysis,  hematemesis,  melena 
and  delirium,  and  died  the  following  day,'  The  comatose  cases 
are  not  always  fatal,  and  a  patient  may  remain  in  coma  for  a 
week  and  yet  recover.  In  very  mild  cases  some  of  the  workmen 
complain  of  vertigo,  headache,  nausea,  bronchitis  and  mental 
depression,  but  others  have  a  feeling  of  elation  and  rather  like 
the  intoxication. 

Chronic  Type. — Chronic  poisoning  causes  vertigo,  fullness  and 
throbbing  of  the  head,  cough  and  dj'spnea,  anemia,  general 
nervousness,  hallucinations,  and  loss  of  memory.  There  may  be 
also  attacks  of  syncope  and  loss  of  consciousness.     The  effects 


'  In  this  connection,  see  Bebtenson,  "  Die  Naphthaind.  in  eanit. 
Be«iehung,"  Vortrag  avf  dtrn  XII.  Intern.  AerUekongr.  in  Moikau, 
1897;  and  D.  VierUliakreschr.  /.  6Se7Ul.  Ges.-Pfl.,  30,  315;  Bohenin,  "Die 
Naphtha  u.  L  Verarb.  in  sanit.  BcEiehiing,"  Petrograd,  1BB8;  Lewin, 
loc.  cil.;  Sharp,  loc.  eU.;  Samoei,  "Verg.  in  Petroleum  tanks,"  Berl.  kliit. 
Wochenxchr.,  41,  1047;  Fotnj;RTON,  Lancet,  1888,  149;  Mabillb,  Revue 
tfHyg.,  18,  No.  3;  Concordia,  1909,  105. 

Ob  the  efiecta  of  petroleum  vapor  in  air,  see  Poincaii£,  Compt.  Tend.,  86 
(1883).  353;  and  Wbinbebgeb,  Wein.  Med.  HaUe,  4  (18G3),  40, 

'  It  ahould  be  understood  that  occupational  diseasea  in  the  petroleum 
industry  are  out  necessarily  extrinsic  poisonings,  but  are  just  as  much  the 
result  of  intrinsic  poisonings  and  toEins.  However,  extrinsic  poisoning  by 
petroleum  is  regarded  above  as  specific. 

*  See  VrolcA,  1$87,  350. 
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vary  with  difEerent  persons,  some  being  excited  and  others 
calmed,  as  if  they  were  under  the  influence  of  opiat€3. 

The  akin  affections  usually  take  the  form  of  inflammation  of 
the  hair  foiUclea  (acne),  eruptions  with  characteristic  formation 
of  vesicles,  and  pimples  and  pustules  which  precede  the  deep- 
seated  formation  of  ulcers,  abscesses,  etc' 

Prophylactic  Measures. — As  crude  petroleum  and  the  higher 
fractions  distilled  from  it  may  affect  the  skin  injuriously,  care- 
ful cleanliness  on  the  part  of  the  workmen  should  be  enjoined. 
Workmen  exposed  to  the  influence  of  gases  escaping  from  oil  wella 
should  be  equipped  with  breathing  apparatus  (smoke  helmets) ;  this 
applies  also  to  those  who  are  obUged  to  enter  stills  and  other  appa- 
ratus connected  with  the  treatment  of  petroleum  in  the  refinery. 

In  the  treatment  of  petroleum  with  sulphuric  acid,  sulphur 
dioxide  is  evolved,  and  it  may  constitute  a  distinct  danger  to  the 
workers.  This  process  should  preferably  be  carried  on  in  closed 
vessels  furnished  with  mechanical  stirrers  or  compressed-air 
^tators,  and  the  gases  evolved  should  be  taken  care  of. 

Petroleum  tanks  should  be  thoroughly  aired  before  they  are 
cleaned  and  should  be  entered  only  by  workers  equipped  with 
breathing  apparatus.  Special  care  should  be  exercised  at  all 
pumps,  reservoirs,  tanks,  conduits,  etc.,  to  prevent  leakage  and 
accumulation  of  vapors  where  they  might  be  inhaled.  The 
dangers  of  electrical  short-circuits,  friction  sparks  and  flames 
should  be  understood  by  the  workers  and  guarded  against.' 

Workmen  should  take  frequent  hot-water  baths,  using  soap 
freely,  and  should  have  their  overalls  washed  often.  Good  first- 
aid  arrangements  should  always  be  provided.  As  a  rule,  in 
American  refineries  the  workmen  are  quite  well  protected,  so 
that  serious  poisoning  is  uncommon.' 

>See  EsFAaNE  and  Sahihtn,  Gm.  hebd.  Sci.  Mid.  MonlpeOier.  IS  (1391), 
103,  The  occurrence  of  ekin  afFections  in  the  petroleum  bdustry  has  been 
reported  by  certain  observers,  especially  among  those  employed  on  the  un- 
purified  oila.  Eruptions  on  the  skin  from  pressing  out  the  paraSin  ajid 
pspillomata  (warty  growths)  in  workers  cleaning  out  the  stills  are  referred  to 
by  several  writers  (Arlioob,  Rev.  d'Hyg.,  1896,  166;  Mitchell,  Med. 
News,  1S88, 152;  Ann.  Ilyg.  pu6(.,  24,  500;  and  Neibbbb,  Vtbers.  Oew.-Uyg., 
190T,  gs). 

■  It  should  be  noted  here  that  explosions  in  agitators  are  usually  attrib- 
utable either  to  such  causes  as  electrical  short-circuits  or  sparks  caused 
by  the  friction  of  hart!  surfaces,  or  to  the  flow  of  hydrocarbon  vapors  in 
the  directiau  of  a  neighboring  flame. 

'  See  Hathdrst,  loc.  cU. 
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LIGHT  PETROLEDM  DISTILLATES 

Acute  poisoiung  from  inhalation  of  the  vapor  of  benzine  begins 
with  headache,  sickness,  and  attacks  of  giddiness  resembliag 
alcoholic  intoxication.  If  very  much  has  been  inhaled,  the 
patient  quickly  becomes  unconscious,  with  occasionally  muscular 
tremors,  convulsions,  difficulty  in  breathing,  and  cyanosis. 
In  cases  of  poisoning  by  inhalation  of  crude  petroleum  vapor, 
these  symptoms  may  be  complicated  by  coughing,  intense  in- 
flammation of  the  mucous  membrane  of  the  respiratory  organs — 
congestion,  bronchitis,  blood-stained  expectoration,  and  in- 
flammation of  the  lungs.  In  workmen  who  frequently  remain 
long  in  an  atmosphere  filled  with  benzine  vapor,  further  symp- 
toms of  chronic  benzine  poisoning  show  themselves — mental 
hebetude,  pains  in  the  limbs,  trembling,  weakness  of  the  muscles, 
and  other  disturbances  of  the  nervous  system;  in  such  cases 
these  may  really  be  signs  of  continued  attacks  of  acute  or  sub- 
acute poisoning;  many  benzine  workers  are  anemic'  0,05  gram 
of  benzine  per  Uter  of  air  is  poisonous,  while  0.02  gram  per  liter 
causes  local  symptoms. 

According  to  Jaflfe,*  benzine  is  chiefly,  if  not  entirely,  excreted 
through  the  lungs.  Where  the  resorption  and  therefore  the 
excretion  through  the  lur^s  proceeds  rapidly,  extensive  pulmonic 
hemorrhages  are  found.  The  resorption  from  the  stomach  pro- 
ceeds slowly,  leading  to  extensive  necrotic  and  inflammatory 
changvts  of  the  lungs. 

Thompson*  states  that  the  symptoms  of  acute  "naphtha 
poisoning"  resemble  those  of  benzol  poisoning.  Headache, 
vertigo,  dyspnea,  palpitation,  nausea  and  vomiting  are  chiefly 
complained  of.  There  may  be  mental  confusion  and  death 
may  result  from  hemorrhage  from  the  respiratory  mucosa 
or  pai'alysis  of  the  heart.  Sometimes  there  are  acute  hysterical 
attacks  with  insomnia.     Autopsies  in  cases  in  which  the  patient 

'  Od  benzine  poisoning,  see  Aif  Anon,  Ohio  Pvb.  Health  J.,  6  (1915),  S12; 
Box,  Bnl.  Med.  J.,  1908,  807;  Z.  Gew.-Hyg..  1906,  616;  190T,  157;  1908, 
333;  BURoi,  Korr.  SehweU.  AerOe,  3S  (1900),  S.W;  DoitBUDORF,  Z.  Win. 
Med..  1901,  42;  FiNLiVsoN,  Bril.  Med.  J.,  1903,  546;  and  SchSh-bh.  Hamb. 
Oew.-Insp.-Arb.,  u.  Sonderber.,  1909,  7,  On  the  physiologicsJ  action  of 
petroleum  ether,  see  Gboboeb,  Compt.  rend.,  B8  (ISSJ),  1192;  and  Felix, 
ioc.  cil. 

'  Munch,  med.  Wocksehr.,  61,  175. 

•"The  OccupfttionftI  Diseases,"  1814,  334.  Cf.  Kobkh  and  Hanson's 
'•DJseiiseB  of  OccupRtion,"  191S,  136. 
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dies  after  a  few  daySi  so  that  morbid  changee  have  had  time  to 
take  place,  reveal  fatty  degenerations  of  the  most  important 
vtooera,  heart,  kidneys  and  liver.  The  same  authority  states 
that  chronic  ''naphtha  poisoning"  results  in  chronic  bronchitis, 
tinnitus  aiuiumi  vertigo,  headache,  and  mental  dullness. 

Treatment — ^The  treatment  of  acute  benxine  pdsoning 
consists  in  oxygen  inhalation,  with  simultaneous  artificial 
respiration.  Treatment  of  chronic  derangement  of  health  is 
symptomatic. 

Uses  Involving  Risks. — Girls  employed  in  glove  cleaning  and 
rubber  factories  are  described  as  having  been  poisoned  by 
benzine.^ 

Poisoning  of  chauffeurs  is  referred  to  by  several  writers.' 
In  fact,  recent  literature'  tends  to  show  a  marked  increase  in  the 
number  of  cases  of  poisoning  from  greater  demand  for  benzine 
as  a  motive  power  for  vehicles.  Such  cases  have  been  observed 
in  automobile  factories,  and  have  been  attributed  by  some  to  the 
hydrocarbons  of  low  boiling  point  present  as  impurities  in 
benzine. 

Rambouseld  cites  the  following  cases  of  poisoning: 

m 

1.  A  worker  in  a  paraffin  factory  had  entered  an  open  benzine  still 
to  scrape  the  walls  free  of  crusts  containing  benzine.  He  was  found 
unconscious  and  died  some  hours  later.  It  appeared  that  he  had  been 
in  the  still  several  hours,  having  probably  been  overcome  to  such  an 
extent  by  the  fumes  as  to  be  unable  to  effect  his  escape. 

2.  A  night  worker  in  a  bone  extracting  works  ha^dng  tiuned  on  the 
steam,  instead  of  watching  the  process,  fell  asleep  on  a  bench.  In  conse- 
quence, the  apparatus  became  so  hot  that  the  solder  of  a  stop- valve 
melted,  allowing  fumes  to  escape.  The  man  was  foimd  dead  in  the 
morning. 

3.  In  a  carpet  cleaning  establishment  three  workers  lost  conscious- 

^  DoRENDORF,  Z.  Uin,  Med.j  1901,  42. 

s  Brit.  Med,  J.,  1008, 546;  1908,  807;  Thompson,  op,  cU,,  333.  A  number 
of  cases  of  chauffeurs,  who  were  overcome  by  gasoline  fumes  while  cranking 
motor  cars  in  small  unventilated  garages,  are  recorded  in  the  literature. 
They  experienced  vertigo,  fainting  and  nausea,  and  one  passed  into  coma, 
from  which  it  was  difficult  to  arouse  him.  The  symptoms  may  not  develop 
until  the  men  go  into  open  air.  On  "petromortis"  and  contamination  of  air 
by  automobile  exhausts,  see  Apfblbach,  Heat,  VentU.  Mag,,  13  (1916),  48. 

»  Z.  Oew.'Hyg,,  1907,  157. 

«  Raicbousek's  "Industrial  Poisoning/'  1918,  63. 
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ness  and  were  found  senseless  on  the  floor.    They  recovered  on  the 
inhalation  of  oxygen. 

One  further  case  reported  from  the  instances   of  benzine 
poisoning  collected  recently^  is  worthy  of  mention. 

A  worker  in  a  chemical  factory  was  assigned  to  clean  a  still  capable 
of  holding  2,500  liters  of  benzine,  which  contained  the  remnants  of  a 


^^ 


Inlet 
Yalve 


Benslne 
OcmUlnas 


Fig.  301. — CrossHsection  of  an  automobile  garage  provided  with  safety 

devices  for  minimizing  risk  from  fire. 

The  taps  can  be  pl&oed  in  any  part  of  the  building  as  deaired.  The  amount  of  gasoline 
contaiaea  in  the  storage-tank  is  asoertained  by  reference  to  an  automatic  gauge  in  tne  room 
where  the  liquid  is  used.    The  same  scheme  may  be  applied  to  industries  wherein  benane  is 

used. 


previous  filling.  As  soon  as  he  had  entered  the  narrow  opening,  he 
became  affected  and  fell  into  the  benzine;  he  was  carried  imconscious 
to  the  hospital,  his  symptoms  being  vomitingi  spastic  contraction  of 
the  extremities,  cyanosis,  weak  pulse,  and  loss  of  reflexes,  which  dis- 
appeared an  hour  and  a  half  later. 

^  WicH£RN,  Z,  Oew.-Hyg.,  1909|  Noe.  3  and  4. 
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The  men  who  clean  out  large  gasoline  tanks  may  suffer  from 
vertigo  and  asystole,  and  the  workmen  employed  in  cleaning 
distiilling  apparatus  may  be  acutely  poisoned  Irjr  inhaling  naphtha 
vapor.  Most  workmen,  however,  become  accustomed  to  the 
irritation,  which  at  first  may  cause  bronchial  catarrh« 

Naphtha  vapor  is  liberated  in  the  preparation  of  waterproof 
cloth,  the  rubber  industry,  dyeing,  and  a  variety  of  cleaning 
processes,  although  the  employment  of  naphtha  for  the  latter 
purpose  has  been  supplemented  to  a  considerable  extent  by 
other  substances.  In  the  manufacture  of  rubber  doth,  rubber 
shoes  and  patent  leather,  in  which  the  rubber  is  spread  over  a 
prepared  surface,  naphtha  is  used  extensively  as  a  solvent.  It 
is  employed  also  as  a  bath  to  disinfect  clothing  worn  by  those 
having  infectious  diseases,  and  as  a  solvent  for  metal  polish. 
A  case  of  dermatitis  and  eczema  of  the  hands  caused  by  polish- 
ing metal  bedsteads  was  reported  to  the  New  York  State  Bureau 
of  Labor  in  1912;  the  polish  was  dissolved  in  naphtha. 

In  Germany,  the  following  accidents  occurred  from  the  use 
of  benzine  during  1914: 


Character  of  accidents 


Persons  hurt 


Total  No. 


SUghtly 


Seriously 


Deaths 


Chemical  cleaners  and  dyers 

Druggists,  etc 

Benzine  in  technical  use  and  trans- 
port  

Benzine  in  drains  and  sewers. . . . 

Benzine  in  automobile  traffic 

Benzine  for  illumination 

Benzine  for  household  uses 

Narcosis  from  benzine  vapors 

Totals 


6 
11 

62 

4 
3 

56 

27 

3 
104 

2 
55 

38 

10 

1 

4 

42 

7 

30 

8 

3 

246 

76 

154 

1 

76 


27 
1 

10 
5 


120 


There  was  an  increase  of  accidents  from  the  use  of  pocket 
lighters,  and  the  number  of  explosions  of  benzine  used  for  auto- 
mobiles nearly  doubled.  In  the  report  of  these  accidents/ 
emphasis  was  laid  on  the  fact  that  non-inflammable  substitutes 


1 Z,  angew.  Ckem.,  28  (1915),  73. 
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for  benzine  exist  which  are  suited  for  most  x 
production  and  illumination.' 

Prophylactic    Measures.— Apparatus    coctaining    petroleum 
and  benzine  should,  as  far  as  possible,  be  closed  in  and  air- 
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away  by  suitably  applied  exhaust  ventilation.  On  account  of 
the  danger  of  fire,^  this  is  necessary  in  chemical  cleaning  es- 
tablishments.^ 

German  regulations  for  benzine  extraction  plants  are  con- 
tained in  the  Prussian  Ministerial  Decree,  dated  Jan.  5,  1909, 
for  benzine  extraction  works,  and  also  in  that  of  Aug.  3,  1903, 
for  dry-cleaning  premises,  to  which  last  were  added  "Directions 
for  Safety,"  containing  important  regulations  as  to  risk  from 
fire.  The  following  points  are  of  interest:  Care  is  to  be  taken 
to  provide  and  maintain  exhaust  ventilation  directly  across  the 
floor.  The  air,  however,  must  not  be  allowed  to  pass  near  any 
fire.  Drying  rooms  especially  are  to  be  lofty  and  airy,  and  sepa- 
rated from  other  workrooms.  In  factories  with  mechanical 
power  the  authorities  may  require  provision  of  artificial  ventila- 
tion for  the  drying  rooms.  Washing  machines,  centrifugal 
machines,  and  benzine  rinsing  vessels  should  be  furnished  with 
well-fitting  covers  to  be  removed  only  for  such  time  as  is  abso- 
lutely necessary  for  putting  in  and  taking  out  the  articles  to  be 
cleaned,  shaken,  or  rinsed.  The  vessels  named  are  to  be  ex- 
amined as  to  their  imperviousness,  at  least  once  every  quarter, 
by  a  properly  qualified  person.  The  condition  in  which  they  are 
found  is  to  be  noted  in  a  book  to  be  shown  to  the  factory  in- 
spector and  police  authorities  on  demand.  Lastly,  wherever 
possible,  the  substitution  for  benzine  of  other  less  poisonous  and 
less  inflammable  substances  should  be  considered.' 

*  On  the  causes  of  the  ignition  and  explosibility  of  benzine,  see  Lucchini, 
Ind.  chim.y  12,  65  and  81.  Neither  the  gases  from  nor  the  vapors  of  petro- 
leum have  yet  been  shown  to  be  spontaneously  inflammable  {jChem.-Ztg, 
Reperi.j  24, 295).  On  various  apparatus  for  the  fire-proof  storage  of  benzine, 
see  Strachb,  Z.  Ver.  Gas  Wasserfachm.f  56  (1915),  191  and  209. 

'  To  prevent  the  explosions  which  result  from  the  generation  of  electricity 
in  wool  and  silk  when  these  materials  are  moved  about  while  saturated  with 
light  petroleum,  Fischer  (Leipziger  Fdrber-u.  Zeugdr,-Zig.y,^9  (1900),  287) 
makes  an  addition  to  the  latter  of  1  per  cent,  of  magnesium  oleate. 

On  extinguishing  petroleum  fires,  see  p.  776. 

•Bertbnson,  "Die  Naphthaindustrie  in  sanit.  Beziehung,"  VierteU 
jahrsschr,  /.  djBfentl  Gea.-Pfl.^  30,  315;  Korjenevski,  Vratch,  1887, 
No.  17;  BuRBNiN,  "Die  Naphtha und  ihre  Verarbeitung  in  sanit.  Beziehung," 
1888;  Mabillb,  Rev  d*Hyg.^  18,  No.  3;  Ber.  der  Berufsgen.  f.  chem.  Ind., 
1905;  Ber.  der  preuss.  Gew.-Insp.,  1904;  Klocke,  Z.  Gew.-Hyg.,  1908,  379; 
"Benzinersatz,"  Z.  Gew.-Hyg.,  1906,  248;  1908,  384. 
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Melted  paraffin  may  evolve  vapors  which,  when  inhaled,  give 
rise  to  headache,  vertigo,  anorexia,  nausea,  vomiting,  gastralgia, 
enteralgia,  diarrhea,  thoracic  oppression,  cold  sweats  and 
lassitude. 

Locally  paraffin  irritates  the  skin,  especially  the  sebaceous 
glands,  and  a  few  cases  of  epithelioma  have  been  ascribed  to  its 
use.  It  may  give  rise  to  acne-like  skin  inflammations  ("paraffiji 
eczema")  and  pustular  eczema  of  the  hands,  face  and  eara.^ 

Workmen  handling  or  using  paraffin^  should  protect  the  hands, 
which  should  be  cleansed  frequently  in  alkaline  solutions. 
Rubber  gloves  should  be  worn  when  possible, 

ASPHALT 

Workers  in  a-sphalt  who  stand  over  the  melting  pots  are  exposed 
to  the  irritating  vapors  which  arise.  They  may  acquire  catarrhal 
conjunctivitis  and  bronchitis,  and  a  uniform  eruption  may 
appear  over  the  entire  body,  which  assumes  a  yellowish  color. 
Four  cases  of  asphalt  poisoning  have  been  reported  by  Kemp,' 

Tnic  and  Fleig*  have  recently  investigated  the  lesions  pro- 
duced by  the  dust  and  vapor  of  asphalt.  They  found  that 
asphalt  dust  caused  a  severe  affection  of  the  cornea  in  workmen 
exposed  thereto:  Piu-e  asphalt  dust  produced  blepharo-conj'unc- 
tivitis,  corneitis  (interstitial  or  ulcerating),  episcleritis  and  iritis 
in  dogs  and  rabbits;  and  the  experimental  injuries  were  the  same 
as  in  man.  Differences  in  the  intensity  and  rapidity  of  appear- 
ance of  the  effects  were  observed;  these  were  attributed,  among 
other  things,  to  individual  characteristics  and  to  the  nature  of 
the  dust.  Asphalt  vapor  caused  mild  inflammation  of  the  con- 
junctiva in  rabbits.  In  general,  it  was  found  that  injurious 
effects  depended  more  upon  chemical  than  upon  bacterial  and 
mechanical  factors. 

'  On  akin  dtseasea  among  workers  In  pftrafRn,  see  Bhhmond,  Rev.  d'Hyg., 
189B,  166;  Chevalubr,  Ann.  Hyg.  P\M.,  i864;  Dervillb  and  Gubr- 
MONPBBi,  Ann.  lienn.,  1890,  369;  Lewin,  loc.  oil.;  Mitchell,  Med.  Nevis, 
63,  152;  and  Rauboubck,  Concordia,  1910,  No.  6. 

'  For  example,  in  waterproofing  (protetting  the  containers  in  wliich  ex- 
plosives are  packed;  spraying  dynamite  cartridges,  ete.)  and  in  the  insular 
tion  of  electric  Bystema,  but  particularly  in  paraffin  preaaing  in  the  refinery. 

•Z.  mcd.  BeanUe,  1903,  271. 

*  Arch,  oplh.,  133,  638  and  593;  Zcntr.  Bioehem.  Biophys.,  16,  222. 


In  this  connection,  mention  may  be  made  of  tlie  effects  of  tar 
roads  upon  animals  and  vegetation. 

It  has  been  stated  that  the  dust  from  tarred  roads  has  ap- 
peared to  be  more  irritating  to  the  eyes  than  that  from  untarred 
roads,  and  in  1910  an  investigation  of  this  matter  was  conducted 
ifl  France  by  True  and  Fleig,'  It  was  ascertained  that  dust 
from  untarred  roada  had  only  the  slightest  effect  when  sprinkled 
on  the  eyes  of  animals,  and  that  dust  from  old  tarred  roads, 
from  which  the  coating  had  more  or  less  disappeared,  gave  little 
different  effects.  However,  dust  from  old  tarred  roads  with 
a  well-preserved  smface  occasioned  conjunctivitis  and  other 
lesions,  while  dust  artificially  produced  from  such  roads  gave 
still  more  severe  effects.  Notwithstanding  the  fact  that  bitu- 
minous vapors  are  said  to  have  only  a  slight  action  upon  the 
eye,*  the  investigations  of  True  and  Fleig  seemed  to  show  that 
the  results  corresponded  to  the  proportion  of  tar,  as  well  as  to 
the  mechanical  irritation  produced  by  the  dust  and  to  the  germs 
present.  Concerning  these  observations,  Baskerville  has  re- 
marked' that  while  bituminous  dust  may  rapidly  produce 
various  lesions  in  the  eyes,  and  may  leave  leucoma,  the  condition 
of  the  eye  and  the  action  of  sunlight  are  both  predisposing 
causes.  He  noted  that  the  experiments  which  have  been  con- 
ducted on  these  points  do  not,  moreover,  constitute  an  argument 
against  the  tarring  of  roads,  for,  when  tarring  is  well  done,  it 
diminishes  the  chance  of  injury  to  the  eyes. 

In  1911,  Mirande'  investigated  the  many  substances  prepared 
from  coal-tar  used  for  preserving  wood,  destroying  moss  on  tree 
trunks,  as  insecticides,  etc.  He  was  led  to  conclude  that  these 
all  contained  creosote  and  gave  off  vapors  which  were  destruc- 
tive to  leaves,  flowers,  shoots,  etc.,  in  the  same  way  as  coal-tar 
vapors,  blackening  them  and  causing  death  by  plasmolysis. 
More  recently  the  statement  that  the  use  of  tar  on  roads  has 
an  injurious  effect  on  the  surrounding  trees  and  vegetation,  for 
which  Mirande  is  held  responsible,  has  been  pronounced  to  be 
unfounded  by  German  experts.  Among  others,  H,  F.  Fischer 
studied  the  matter,  and  he  presented  some  results  before  the 
International   Road   Congress   which   convened   in  London   in 

'  Compt.  Tend.,  IBl,  593. 

*  Compt.  Tend.,  ICl,  769. 
■  N.  y.  Med.  J.,  Nov.  30,  1813. 

•  Compt.  rend.,  162,  204. 
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June,  1913.  It  may  also  be  noted  that  the  conclusions  of 
Mirande  respecting  tarred  roads  have  been  refuted  by  several 
French  engineers,^  who  have  indicated  that  a  large  street  in 
Bordeaux  was  treated  with  tar  for  some  years  without  the 
slightest  damage  to  the  trees  bordering  the  street,  and  that  other 
towns  also  practised  tarring  without  injurious  results,  though  one 
example  is  on  record  where  the  trees  around  a  square  were  de- 
stroyed by  tar.  In  this  case — at  Fontenoy  de  Comte — the  tar 
was  spread  so  close  to  the  trees  that  it  prevented  the  water  from 
getting  to  the  roots. 

1  Chem.  World,  2,  106. 


CHAPTER  XVI 
SOME  PROBLEMS  OF  THE  PETROLEUM  INDUSTRY 

While  it  is  tacitly  accepted  by  modem  chemical  industrialists 
that  their  manufactiiring  operations  must  be  based  upon  re- 
search if  they  are  tomeet  with  success,^  a  number  of  manufacturers 
are  even  now  certain  that  research  will  not  pay.  Some  regard 
their  technology  as  an  hereditary  art.  Others  have  favorable 
raw  material  conditions  or  a  large  demand  for  their  products, 
and  are  therefore  disinclined  to  invest  a  very  small  portion  of  their 
earnings  in  a  reserve  of  knowledge.  Still  others  have  prospered 
because  of  high  tariff,  notwithstanding  short-sighted  manage- 
ment. But  most  of  our  industries  are  built  upon  stronger 
foundations.  It  is  plain  that  the  use  of  natural  laws  offers  a 
more  stable  basis  upon  which  to  erect  a  manufacture  and  a  more 
uniform  source  of  profit  than  any  structure  built  upon  artificial 
conditions  created  by  pure  empiricism  or  legislation.  More- 
over, the  quality  and  value  of  a  product  are  based  upon  the 
application  of  correct  principles  in  its  conception,  preparation 
and  use,  and  these  correct  principles  can  only  result  from  scien- 
tific research.  Ample  support  to  this  contention  is  to  be  found 
in  the  manufacturing  operations  of  to-day.^ 

Consequently  the  industrial  researcher,  who  deals  with  the 
processes  of  manufacture  and  the  phenomena  of  reactions  in- 
volved, is  becoming  less  and  less  regarded  as  a  burden  unwar- 
ranted by  returns.  The  aim  of  every  industrial  operation  is 
toward  perfection,  both  in  process  and  the  necessary  mechanical 
equipment,  and  every  new  development  in  manufacturing  creates 
new  problems.    It  follows,  then,  that  the  greater  the  number  of 

*  On  the  value  of  research  to  industry,  see  the  senior  author's  address 
in  Science^  N.S.,  40  (1914),  871  to  881.  The  junior  author  has  discussed  the 
methods  employed  in  the  attack  of  industrial  problems  in  Sd.  Mon.,  1 
(1915),  86-92.  On  what  the  scientific  investigator  has  done  and  can  do  for 
industry,  see  the  address  by  the  senior  author  in  Sci,  Am.  Supply  80  (1915), 
No.  2081,  334-6. 

*  For  a  convincing  demonstration,  see  Hesse,  J.  Ind,  Eng.  Chem.,  7 
(1915),  294. 
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researches,  the  greater  is  the  progress  in  a  given  field,  and  the 
greater  becomes  the  niimbcr  of  new  problems.  Moreover,  one 
can  only  conclu<]e  that,  since  perfection  is  but,  after  all,  an  ideal, 
no  industrial  field  has  been  sufficiently  investigated.' 

The  thirst  for  distinction  and  wealth  kindles  the  lamp  of  inven- 
tion, and  the  light  of  the  knowledge  resulting  from  discoveries 
and  improvements  in  manufacturing  operations  has  so  em- 
boldened us  that  some  industries  now  consider  themselves  capable 
of  solving  any  problem.  This  has  been  shown  in  innumerable 
instauces,  but  is  particularly  true  of  the  great  petroleum  in- 
dustry, which,  while  its  achievements  have  been  stupendous, 
is  nevertheless  confronted  with  many  problems  of  importance — 
problems  which  petroleum  technologists  are  capable  of  clearing 
up,  provided  the  service  of  research  is  called  to  their  aid,  but 
which  have  so  far  remained  partially  or  completely  unsolved. 
Certain  petroleum  industrialists  have  frequently  availed  them- 
selves of  the  service  of  research,  to  assist  both  in  the  perfecting 
of  processes  and  the  necessary  mechanical  equipment,  and  marked 
success  has  attended  scientific  progress  in  the  refining  of  pe- 

j  troleum.     In  fact,  some  of  the  largest  refiners  now  concede  that 

chemistry  is  the  intelligence  department  of  the  petroleum  in- 
dustry and  gratefully  acknowledge  that  the  efficiency  of  their 

I  plants  has  resulted  largely  from  research.     Those  companies 

'  which  stand  well  to  the  fore  raaintainune  or  more  research  labora- 

tories, and  industrial  research  has  left  its  mark  on  their  develop- 
ment. It  is,  however,  essential,  particularly  for  the  future 
welfare  of  the  industry,  that  there  be  an  increment  in  research 
activity;  this  may  be  brought  about  in  a  measure  by  the  or- 
ganizations represented  in  the  petroleum  industry  and  by  our 
highly  efficient  Bureau  of  Mines,  but  there  must  be  greater 
cooperation  between  petroleum  industrialists  and  the  universities 
and  scientific  societies,  if  the  desirable  fruitful  research  ia  to  be 
stimulated. 

Principally  owing  to  the  lack  of  reliable  general  information, 
the  petroleum  industry  is,  in  many  ways,  groping  in  the  dark. 
The  same  errors  are  repeatedly  made  in  the  same  territory  by 

^  different  operators,  and  in  both  drilling  and  refining  the  various 

factors  having  a  known  influence  arc  imperfectly  understood 
in  their  relation  one  to  another.     Geology,  the  real  foundation 

,  'On  the  problems  of  chemical  industry,  see  the  senior  author's  paper  in 

,  idtm,  7  (1915),  636. 
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of  a  study  of  production,  is  but  little  applied  or  understood  by 
the  average  producer,  and  in  consequence  much  of  the  produc- 
tion is  accidental  rather  than  scientific.*^  When  a  producer  finds 
oil  he  is  simply  a  producer,  and  not  a  marketer,  for  he  has  usually 
no  knowledge  of  the  value  of  his  product  other  than  the  posted 
price.  He  knows  only  in  a  rather  vague  way  what  character- 
istics are  valuable,  and  when  he  has  sold  his  crude  he  is  frequently 
no  longer  concerned  with  the  petroleum  industry.  The  refiner 
usually  has  only  the  knowledge  gained  by  an  apprenticeship 
with  an  older  refiner,  and  is  therefore  unfamiliar  with  the 
chemistry  of  refining. 

Petroleum  marketers  maintain  tha^  the  greatest  need  of  those 
interested  in  the  petroleum  industry  to-day  is  uniformity  in 
methods  of  testing  and  in  the  physical  instnunents  employed 
therein.  Constant  progress  is  being  made  in  the  analytical 
chemistry  of  petroleum  and  its  products,  but  much  research  will 
be  necessary  before  procedures  are  worked  out  which  will  be 
satisfactory  for  general  adoption  by  the  state  inspectors  and  by 
the  petroleum  associations.^ 

From  the  industrialist's  viewpoint,  the  great  problem  in  the 
petroleum  industry  is  flexibility  in  refining,  in  order  that  only 
such  products  as  arc  in  demand  may  be  produced.  To  illustrate, 
let  us  assume  that  a  certain  petroleum  yields,  on  refining,  30 
gal.  of  gasoline,  20  gal.  of  turpentine  substitute,  15  gal.  of  illu- 
minating oil,  15  gal.  of  gas  oil,  10  gal.  of  viscous  neutral  oil, 
and  6  gal.  of  steam-refined  cylinder  stock. ^  It  is  desirable  that 
a  refining  process  be  devised  which  will  enable  that  refiner  to 
produce  only  the  products  for  which  there  is  a  big  market — at 
present,  gasoline  and  lubricating  oils. 

Some  technologists  look  forward  to  the  time  when  the  desired 
finished  products,  and  only  these,  will  be  obtained  from  pe- 
troleums by  purely  physical  methods,  thus  dispensing  with 
chemical  treatment. 

Recently  petroleum  research  has  been  centered  on  working 
out  processes   for  the   dehydration*   and   dcsulphurization*^   of 

^  See  Chap.  IX.  On  problems  in  connection  with  production,  see 
Chap.  X. 

2  See  pp.  124,  127,  and  517. 

3  See  p.  497. 
*  See  p.  528. 
« See  p.  609. 
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crude  oils  and  for  the  depolymerization'  of  heavy  oils  (particu- 
larly the  conversion  of  gas  oils  into  motor  fuel).  Much  succras 
has  resulted  from  these  investigations,  but  the  ideal  processes 
remain  to  be  found,  especially  those  for  converting  products 
of  the  destructive  distillation  of  residuum  or  heavy  oils  into 
saturated  hydrocarbons.  If  hydrogenation  could  be  success- 
fully conducted  on  a  commercial  scale,  the  customary  treatment 
with  sulphuric  acid  could  be  dispensed  with.  Hydrogenation 
with  platinum  black  or  nickel  could  be  accomplished  if  an 
antidote  were  "known  for  the  poisonous  effect  of  sulphur  com- 
pounds on  the  catalyst.  Another  matter  of  interest  here  is  the 
polymerization  of  olefinee;  this  subject  requires  broad  atudy. 

Automobile  engineers  should  have  available  exhaustive  data 
regarding  the  specification  and  use  of  petroleum  products  for 
internal-combustion  and  lubrication  purposes.  So  far  little  has 
been  accomplished  in  devising  ways  and  means  to  i^e  the  lower 
grades  of  gasoline  in  internal-combustion  engines;  no  exact  work 
has  been  done  on  the  efficiency  of  mixtures  of  casing-head  gaso- 
line with  heavier  distillates  as  coinpared  with  straight  cuts;  and, 
while  it  is  known  that  gravity  is  not  indicative  of  the  value  of  a 
light  distillate,*  sufficient  data  has  not  been  accumulated  to 
educate  the  public  to  a  rational  basis  of  sale.  Lubricating  oils 
for  special  purposes  have  not  received  due  scientific  attention, 
and,  as  a  result,  the  selection  of  a  lubricant  is  more  frequently 
casual  than  scientific. 

Illuminating  oils  have  been  used  and  are  being  used  more  and 
more  in  motors  of  heavy  trucks.  In  order  to  use  these  distillates 
in  the  ordinary  motor,  it  is  only  necessary  to  heat  the  carburetor 
by  means  of  the  exhaust  gases.  The  motor  must  be  started 
with  gasoline  or  alcohol;  but  it  in  easy  to  attach  a  small  sup- 
plementary tank.*  The  great  drawback  to  the  use  of  illuminat- 
ing oils,  or  kerosenes,  is  their  production  of  polymerized  products 
in  the  cylinder,  and  a  large  number  of  mixtures  have  been  pro- 
posed to  obviat«  this  dilEculty,     It  is  said'  that  kerosene  and 

'  See  p,  554. 

>  The  Hpecific  gravity  U  not  a  aufficient  indication  of  the  suitabilitj'  of  fi 
sample  of  gaaoline  for  any  given  purpose,  since  the  chemical  composition 
of  SBtDplcB  of  the  same  specific  gravity  ia  different  for  oil  of  different  origin. 

■On  koroaene  ss  a  motor  fuel,  see  MEsasREAn,  /.  Soe.  Chem,  Ind.,  33 
(19U),  628. 

'Sblden,  Petroleum,  9  (19H),  1304;  Nat.  Petrol.  Newt,  6,  No.  7,  39; 
Petrd  Bev.,  89,  463. 
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other  heavy  petroleum  oils  can  be  utilized 'as  fuel  for  internal- 
combustion  engines  if  small  quantities  of  peroxides  or  other 
highly  oxygenated  substances,  such  as  picric  acid,  naphthalene 
picrate,  or  similar  nitrated  compounds  of  naphthalene/  phenan- 
threne,  pyrene  and  picene,  are  either  dissolved  m  them  or  are 
sprayed  into  the  air  inlet  of  the  carburetor.  Perhaps  "per- 
oxidized  kerosene"  may  furnish  the  solution  of  this  problem, 
although  automobile  engineers  are  hopeful  that  there  will  be 
devised  a  gasifying  apparatus  which  will  give  no  trouble  from 
coking  or  partial  combustion,  and  progress  has/ in  fact,  been 
made  in  this  direction. 

The  problem  of  the  better  utilization  of  illuminating  oil  may 
be  eventually  solved  by  processes  for  converting  it  into  products 
for  which  there  is  a  demand,  as,  for  example,  acetylene.* 

In  the  chemical  treatment  of  petroleum  products,  systematic 
research  with  the  view  of  ascertaining- the  most  favorable  tem- 
perature for  the  acid  treatment  of  petroleum  distillates,  would 
be  of  great  practical  value  as  affording  an  indication  to  the  refiner 
how  to  proceed  imder  all  circumstances.'  A  well-known  prob- 
lem in  refining  is  the  chemical  treatment  of  lubricating  oils  in 
such  a  manner  as  to  minimize  the  losses  and  to  prevent  the 
emulsions  which  result  when*  sulphuric  acid  is  used.  The  pro- 
duction of  persistent  emulsions  in  the  refining  of  petroleum  is  a 
problem  to  be  attacked  from  the  colloid-chemical  point  of  view. 
An  economic  process  is  wanted  for  isolating  pure  naphthenic 
acids  of  high  molecular  weight  from  waste  lyes.'*  Another 
problem  is  the  utilization  of  the  esters  from  the  naphthene 
carbo-acids^  contained  in  the  residue  from  the  alkali  treatment. 
A  question  of  interest  here  is,  what  is  the  cause  of  the  malodor 
of  naphthenic  acids,®  and  how  may  these  products  be  most 
effectively  and  economically  deodorized?^ 

The  following  are  some  of  the  many  other  problems  con- 

^  On  tho  employment  of  nitronaphthalone  for  this  purpose,  see  db  Cosmo 
and  QuiNAUX,  French  Patent  459857,  Apr.  10,  1913. 

'  On  the  production  of  acetylene  from  various  organic  substances,  see 
Truchot,  CompL  rend.,  84,  714;  and  Dbstrem,  idem,  99,  138. 

» Cf.  p.  583. 

*  Pyhala,  Chem.  Rev.  Fett-  Harz-  Ind.,  21  (1914),  128. 

'  On  these  acids,  see  Fuchs  and  ScinFF,  Chem.-Zlg.,  19,  1469. 

•  Pyhala  {Pelroleuftij  9  (1914),  1506)  attributes  the  odor  to  the  presence 
of  sulphur  compounds,  but  this  is  not  established. 

^  See  ScHMiTZ,  Mat.  grasses,  7  (1914),  4115,  on  the  processes  in  use. 
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fronting  petroleum  technologista:  A  more  rational  utilization 
of  the  butanes  and  pentanes  in  natural  gas  gasoline  and  in  light 
petroleum  fractions;  the  Beparation  of  the  vapors  of  light  oils 
from  steam  vapors  when  petroleum  is  distilled  by  the  introduc- 
tion of  superheated  steam,  and  any  steam  not  condensed  with 
the  oO  vapors  is  returned  to  the  superheater  and  passed  again 
through  the  still;  does  the  hot  still  metal  exert  any  catalytic 
action  in  the  pyrogenic  decomposition  of  residues;  the  minimizur- 
tion  of  the  decomposition  of  sulphur  compounds  during  the 
distillation  of  petroleum  containing  asphalt;  what  r61e  do  sulphur 
compounds  take  in  the  condensation  of  petroleum  to  a^phaltum; 
increasing  the  efficiency  of  tower  stills;  the  rapid  and  effective 
revivification  of  spent  fullers'  earth  ;^  the  separation  of  the  aro- 
matic and  cyclic  unsaturated  hydrocarbons  from  the  paraHin 
and  naphthene  hydrocarbons  by  a  more  effective  or  cheaper 
reagent  than  those  now  in  use;  the  fractionation  of  petroleiun 
residues  containing  paraffin  wax  into  distillate  and  undecomposed 
amorphous  wax;°  the  elimination  of  gummy  or  asphaltic  por- 
tions from  wax  distillate  by  a  distillation  or  mechanical  pro- 
cedure; what  constituents  of  a  mineral  oil  are  responsible  for 
the  lubricating  power  thereof,'  and  can  the  lubricating  properties 
of  an  oil  be  increased  in  the  light  of  this  knowledge;  the  pre- 
vention of  the  oxidation  of  mineral  oils  in  transformers;'  prod- 
ucts which  will  make  emulsions  with  water  without  any  oil 
coming  to  the  surface;  the  recovery  of  more  of  the  calorific  value 
of  an  oil  in  the  gas  in  producers,  obtaining  oil-ga^  of  uniform 
quahty  during  the  whole  of  the  gas-making  period,  and  reducing 
the  amount  of  the  lampblack  formed;  and  a  rational  plant 
for  producing  oil-gas  from  tar  and  of  carbon  monoxide  from  the 

'  On  maintaining  and  improving  tiia  efficiency  of  fullers'  earth,  see  M.  J. 
WEtfltt,  United  States  Patents  1132054  and  1159450  of  191B. 

'Grakh  (Petroteum,  9  (1913),  303)  states  that  the  Kubierechky  column 
ana  wars  (or  llus  purpose, 

'  Makcobson  (Mill.  kgl.  mi^eTialpruS.,  81  (1913),  301)  has  concluded  that 
poly  nap  hthenes  are  the  main  cause  in  the  case  of  high-boiling  oils;  but  this 
roquiros  demonstration.  Cf.  MAScosaoN,  Chcm.-Ztg.,  36  (1911),  729  and 
742. 

*  Transformers  are  made  in  which  contact  of  the  air  with  the  hot  oil  is 
prevented;  but  those  are  only  partially  fluccesatul,  since  the  air  dissolved 
by  the  oil  is  able  to  produce  deposits  and  acid  formation  (Bradbn,  Chem, 
Rev.  Feii-  Uarz-  Ind.,  21  (1914),  138  and  170). 


4 


804      '       TBB  AMERICAN  PBTBOLBUM  JUDUSTBY 

residuei  the  mixed  gases  to  be  suitable  for  use  in  gas  engines.^ 
TheUi  toO|  notwithstanding  the  many  processes  wfaidi  have 
been  patented,  methods  for  the  solidification  of  petroleum  and 
its  products  are  still  under  investigation. 

As  mentioned  in  Chap.  XII|  petroleum  is  generally  refined  to 
obtain  products  which  may  be  used  as  fueli^  or  lubricants;  but 
later,  when  there  is  evidence  of  a  depletion  of  the  natioftal 
petroleum  supplies  and,  owing  to  a  waning  productioni  petroleum 
wiU  be  unable  to  compete  with,  say,  shale  oil,  it  will  b6  possible 
to  obtain  so  many  more  valuable  products  from  its  distillateB 
that  the  use  of  any  one  of  these  as  a  fuel  will  be  condemned  from 
the  standpoint  of  conservation.  Petroleum  will,  like  natural 
gas,  form  the  basis  of  a  chemical  products  industry  which  will 
be  as  distinct  as  the  coal-tar  industry  of  today.  Several  of 
the  largest  refiners  are  preparing  for  the  future  by  accumulating 
a  reserve  of  knowledge  through  research. 

Some  attention  is  now  being  given  to  the  production  of  drying 
or  siccative  oils'  from  petrolemn.  It  is  claimed  by  the  De 
Bataafsche  Petroleum  Maatschappij'  that  an  oil  the  drying 
properties  of  which  are  comparable  with  those  of  linseed  oil, 
may  be  obtained  by  chlorinating  a  mineral  oil  fraction  of  the 
specific  gravity  0.885  at  15^0.,  in  such  a  manner  that  1,000 
liters  of  it  absorb  800  kg.  of  chlorine,  and  then  heating  the 
chlorinated  product  with  the  addition  of  zinc  dust  to  290**  to 
300**C.,  until  the  chlorine  has  been  quantitatively  expelled  as 
hydrochloric  acid.  The  great  difiiculty  is  to  produce  an  oil 
economically  which  will  be  devoid  of  tackiness. 

Artificial  resins  may  also  be  obtained  by  the  chlorination  of 
petroleum  and  its  distillates.*  The  reduction  of  the  time  of 
the  reaction  and  the  purity  of  the  products  present  the  main 
difiiculties. 

One  of  the  most  important,  as  well  as  most  difficult,  problems 
is  the  synthetic  preparation  of  fatty  acids  from  petroleum. 

^  For  a  consideration  of  such  a  process,  see  Drexler,  Oelmoior,  2  (1913), 
125,  309,  433  and  5C3. 

'  Oils  having  drying  properties  which  make  them  suitable  for  use  as 
varnishes  or  lacquers  or  as  binding  materials  or  vehicles  for  paints. 

*  English  Patent  23376,  Dec.  1,  1914.  For  another  process,  see  English 
Patent  2672,  Feb.  1, 1913,  of  the  New  Oil  Repining  Process  Co.,  Ltd. 

«  C.  F.  BoEHRiNOER  UND  SOhns,  German  Patents  256856,  Nov.  19, 1910 ; 
and  258156,  Dec.  28,  1911. 
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While  this  problem  has  received  much  atteation,  there  are  still 
possibilities  of  solution, 

Zelinsky'  obtained  good  yields  (up  to  60  per  cent.)  of  organic 
acids*  by  chlorinating  different  fractions  of  Baku  petroleum, 
treatir^  the  products  obtained  with  magnesium,  subjecting  the 
magnesium  compounds  to  the  action  of  carbon  dioxide,  and 
decomposing  the  complex  substances  formed  with  water  and 
sulphuric  acid.  The  production  of  fatty  acids  from  liquid  hydro-  ' 
carbons  is  said  to  be  commercially  applicable  by  this  process,  but 
the  cost  of  the  product  is  still  too  high.* 

When  an  economic  process  is  available  for  the  manufacture  of 
fatty  acids  from  petroleum,  a  working  basis  will  thus  be  had  for 
the  production  of  edible  products,  for  some  of  the  acids  obtain- 
able may  be  converted  into  glycerides. 

For  the  manufacture  of  isoprene,  the  lowest  boiling  fraction  of 
petroleum,  of  the  composition  CsHu,  may  be  used :  by  systematic 
chlori nation,  iaomerization,  and  liberation  and  addition  of 
hydrochloric  acid,  the  throe  hydrocarbons  present  (iso-  and 
normal  pcntane  and  tetramethjrlmethane)  can  all  be  converted 
into  isoprene.' 

It  may  be  predicted  that  a  simple,  direct  process  for  obtaining 
the  butadiene  hydrocarbons  from  petroleum  will  soon  be  found, 
and  thus  a  good  route  to  synthetic  rubber  will  be  opened  up. 
Pyhala^  has  shown  that  the  fraction  of  Baku  petroleum  boiling 
between  98°  and  lOS^C.  jields  up  to  about  20  per  cent,  of  its 
weight  of  adipic  acid,  which,  by  way  of  the  amide,  can  bo  con- 
verted into  butadiene.  This  method  of  preparation  is,  however, 
hardly  possible  from  a  commercial  standpoint,  and  butadiene  is 
usually  obtained  from  benzene  or  phenol.' 

It  is  of  interest  to  mention  here  that  the  emulsions  obtained 
with  the  turpentine-like  and  other  hydrocarbons  of  petroleum 

1 Z.  angew.  C'lem.,  16  tI903),  37. 

•  Acida  of  the  eobauic  atid  hydru-arom 
Nov.  25,  1M3). 

■CoLLBTAS,  Mai.  Grasaea,  7  (1614),  4151.  On  the  formation  of  dibasic 
ftttty  acids  of  the  oyiUic  acid  eerioe  l>y  the  OKidatian  of  Baku  petroleum 
fractions  with  nitriu  acid,  ape  Hehb,  Petraltum,  6  (1910),  092. 

•  See  French  Pat^nte  435312,  Oct.  H,  1911;  and  452246,  Due.  20,  1912, 
of  the  Badische  Anilin  dnd  Sooa  Fabbjk. 

•  NeSijanoje  Djeto.  1913,  No.  7;  Petrt^etim,  9  (1914),  1376. 

'  For  a  review  of  recent  work  on  syntbetio  rubber,  see  Hoi;t,  Z.  ajigew. 
Chtm,.  27  (1914),  153. 


9  (French  Patent  326665, 
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by  the  ai4  of  oertaan  emulsifying  ageatBy  are  amilar  to  rubber 
latex  and  can  be  worked  up  into  rubber-like  produota. 

Finally^  it  may  be  noted  that  the  production  of  dyeetulb  from 
petroleum  is  an  open  field  for  research.^  It  is  said'  that  the 
nitro-derivatives  obtained  by  treating  machine  or  qxindle  oils 
with  warm  nitric  acid  (specific  gravity,  1.50)  are  closely  related 
to  the  nitro-compounds  obtained  by  nitrating  polyn^dithenio 
'  acids  and  used  in  the  preparation  of  dyestuffs.  Nitro-products 
which  yield  with  alkalies  brown  substantive  dyestuflh  and  with 
sulphur  and  alkalies  brown  to  brown-violet  suli^ur  dyestuffs, 
have  been  obtained  by  the  nitration  of  the  higher  fractions  from 
Qalician  petrolemn.'  The  preparation  of  aromatic  hydrocarbons 
from  fatty  hydrocarbons — especially  the  preparation  of  benmie* 
and  its  homologues  from  petroleum — ^requires  investigation 
along  broad  lines* 

^  On  a  brown  dy estuff  from  petrokfom,  see  Frasch,  Engliiih  Patent  10320, 
May  25, 1S98;  and  on  a  yeUow  dyestuff,  see  Frabcb,  Englu^  Fk>tent  10323, 
May  25,  1898.    See  also  page  885. 

>  Khabitghxoy,  Chem.'Ztg.,  87  (1913),  869. 

'  Fbeund,  Z.  anffttp,  Chem.,  86, 1058. 

*  For  patented  processes,  see,  among  others,  Hausmann  and  PusAT,  German 
Patent  227178,  Apr.  1,  1909;  and  Holcorsbbb,  French  Patent  460827, 
July  28,  1918.    See  pp.  570,  576  and  579. 


CHAPTER  XVII 


THE  SHALE-OIL  INDDSTRY 

In  the  United  States  oiWhales'  occur  in  Kentucky;  over  large 
areas  in  the  middle  portion  of  the  Green  River  formation  in 
northwestern  Colorado  and  northeastern  Utah;  on  the  Hum- 
boldt River,  opposite  to  Elko,  Nev. ;  on  the  Big  Blackfoot  River 
and  near  Great  Falls,  Mont.;  and  in  the  Cholarae  Valley,  north 
of  Parkfield,  Cal.  Some  of  these  deposits  are  of  good  quality 
and  may  be  said  to  constitute  a  fuel  as  well  as  a  fertilizer  reserve 
of  decided  economic  possibilities.*  While  these  resources  may 
not  be  utilized  until  there  is  convincing  evidence  of  the  depletion 
of  the  national  petroleum,  and  possibly  coal,*  supplies,  their 
availabihty  and  latent  pos-sibilities  have  aroused  interest,*  and 
there  has  been  some  discussion  of  how  they  might  be  worked  with 
greatest  profit.'    This  chapter  has  been  prepared,  in  anticipa- 

■  Shales  wbioh  contain  an  oil'/ormtng  substance,  "keroKen,"orbitiuninDUS 
matter  which  gives  rise  to  oily  and  tarry  matters  upon  destructive  distilla- 
tion. Reference  is  not  had  here  to  oil-bearing  shales,  from  which  petroleum 
may  be  obtained  by  mechanical  means. 

'  In  this  connection,  see  Baskebvillb,  Proe.  Sevenlh  Inlemat.  Cong. 
Appl.  Chem.,  1910,  Sect.  IV.,  Al,  22;  Eng.  Min.  J.,  88,  149  and  195;  Baskeh- 
viLLE  and  Hauor,  J.  Ind.  Bng.  Chem.,  1  (1009),  No,  8,  507;  and  Orig.  Cam. 
Eighth  ItUernal.  Conn.  ^^PP^-  Chem.,  2D,  631. 

*  As  pointed  out  in  Chap.  V,  various  bituminous  materials  were  distilled 
tor  the  production  of  tlluininating  oil  by  fifty-three  "coal  oil"  uompaniea 
about  I860;  but  the  process  followed  was  very  crude  and  ammonium  sul- 
phate recovery  was  never  attempted.  Consequently,  although  many  of 
the  coals  and  other  materials  used  were  of  high  grade,  and  merit  investi- 
gation as  to  yield  of  oil,  gas,  and  ammonium  sulphate  according  to  modern 
practice,  it  is  not  Burprising  that  the  refining  of  petroleum  paralyzed  the 
industry.    See  p.  203. 

'See  Day  ia  "Mineral  Resources  of  the  Uiuted  States,"  1913,  ii,  1071; 
WooOEnPF  and  Day,  BuU.  U.  S.  Geol.  Surv.,  No.  681-A,  1  -21;  DbBeqob, 
Eng.  Min.  J.,  99,  773;  V.  S.  Comm.  Rtpt..  Mar.  13,  1916;  and  Win- 
niEsTBH,  fiuK.  U.  S.  Geol.  Sum.,  No,  Ml-F. 

*  By  Ells  and  Uauoh,  CoTiada  Dept.  Mines,  Jlepta-t  No.  GS,  Mines 
Branch,  1910;  Baskbrvillb  and  Hauok,  N.  Y.  Soot,,  Soc.  Chem.  Ind„ 
Apr.  23,  1900;  and  B&^kbrville,  Forty-ninth  Meeting,  American  Chemical 
Society,  Apr.  8,  1914.  Reference  should  be  made  to  the  report  by  Klls  and 
Uahor  for  information  regarding  the  oil-ahalcs  of  Canada. 
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tion  of  future  investigations,  along  broad  lines,  of  American  oil- 
shales,  in  order  to  indicate,  mainly  from  Scottish  experience,  the 
principal  factors  involved  in  shale-oil  technology. 

THE  BEGINNINGS  OF  THE  SHALE-OIL  INDUSTRY 

In  1694,  Eele,  Hancock  and  Portlock  made  "pitch,  tar  and  oyle 
out  of  a  kind  of  stone  from  Shropshire,"  England;^  and  in  1681 
Becher  and  Searle  took  out  a  patent  for  making  pitch  and  tar 
from  pit  coal.*  Clayton,  however,  made  the  first  investigation 
of  the  spirit  produced  by  the  distillation  of  coal.*  As  early  as 
1761,  oils  were  distilled  from  black  bituminous  shales  for  medici- 
nal purposes,*  and  it  was  found  that  they  could  be  used  instead 
of  both  oil  of  turpentine  and  "oil  of  petre.'* 

The  Earl  of  Dundonald  obtained  oil  from  coal  by  destructive 
distillation  in  1781,  and  he  later  procured  a  patent  for  manufac- 
turing various  products  from  coal.*  About  1812,  it  was  known 
that  an  oil  resembling  turpentine  could  be  made  from  coal-tar 
by  destructive  distillation,*  as  well  as  red  and  black  varnishes;* 
and  in  1815,  a  works  near  Sunderland,  England,  belonging  to 
Messrs.  Feathcrstone,  produced  "petroleum"  and  ammonia 
from  coal.* 

In  1830,  Laurent  obtained  paraffin  by  the  distillation  of  bitu- 
minous shale,  and  three  years  later  he  suggested  working  the 
Autun  shale  in  Sa6ne-et-Loirc,  France.^  Selligue  manufactured 
products  from  this  shale,  and  secured  patents^*^  for  the  manufac- 
ture of  paraffin  on  a  commercial  basis;  his  process  for  distilling 
bituminous  schists  was  considerably  developed  before  1845, 
and  it  is  of  interest  to  note  that  ammonium  sulphate  was  manu- 

1  English  Patent  330,  1694;  Eele,  PhU.  Trans.,  19  (1697),  No.  228,  544; 
Phil.  Trans,  Abndged,  4,  168. 

2  Becker's  "Fossil  Fuel,"  1683,  404, 
^Phil.  Trans.,  41  (1739),  59. 

•  Lewis'  "Materia  Medica." 

•  "Description  of  the  Estate  and  Abbey  of  Culross,"  34;  Williams' 
"Mineral  Ivingdom,"  1789,  1,  253. 

•  Hodgson's  "Account  of  the  Felling  Explosion,"  1813,  2.5. 
»  Surtee's  "Durham,"  1820,  2,  85. 

•  Holmes'  "Treatise  on  the  Coal  Mines,"  1816,  18. 

^Ann.  chim.  phys.,  (2),  54  (1833),  392;  Compt.  rend.,  4  (1837),  909. 

"French  Patent  9467,  Nov.  14,  1838;  addition,  Mar.  27,  1839;  English 
Patent  10726,  1846.  The  latter  patent  was  taken  out  under  the  name  of 
DE  BuissoN.  See  also  Selligue,  Compt.  rend.,  4  (1837),  969;  9  (1839), 
140;  and  10  (1840),  861. 
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I  factured.    Shale-oil  is  atill  produced  in  France,  and  five  com- 

E  panics  are  working  Autun  and  Buxifire-Ies-Minea  bituminous 

f  ehales.     Four  out  of  six  works  in  France  have  been  constructed  on 

n  the  Scotch  system,  and  normally  about  one-tenth  as  much  shaJe 

I  is  retorted  in  France  as  in  Scotland.     The  shale  now  mined 

in  France  resembles  Boghead  coal  and  yields  about  50  gal,  of 

crude  oil  per  ton. 


THE  SCOTTISH  SHALE-OIL  INDUSTRy 
James  Young,  of  Kelly,  Scotland,  was  the  first  to  produce  oil 
from  bituminous  minerals  on  a  commercial  scale  in  Scotland,  and 
it  is  to  him  that  the  shale-oil  industry  in  its  present  form  owes 
its  existence.  In  December,  1847,  Young  learned  of  the  Alfretou, 
Derbyshire,  petroleum,  and,  in  company  with  Meldrum,  started 
work  in  1848  manufacturing  oils  from  this  material.  Upon  the 
exhaustion  of  the  supply  of  petroleum,  Young  attempted  to  imi- 
tate the  natural  processes  by  which  he  thought  the  oil  had  been 
formed.  He  learned  that  an  oil  containing  paratEn  could  be 
produced  from  bituminous  coals  by  slow  distillation,  and  made 
this  "  invention"  the  subject  of  a  patent.'  In  1850,  Young,  Mel- 
drum and  Binney  erected  a  plant  at  Bathgate  for  the  distilla- 
tion of  Boghead  coal,  and  crude  oil  was  produced  at  this  plant 
in  1851.  About  this  time,  works  were  established  in  Germany 
for  producing  paraffin  oil  from  shale,  the  most  important  being 
the  plant  of  A.  Wiesmann  &  Co.,  at  Augustenhutte,  near  Bonn. 
In  1851,  two  oil  works  were  in  operation  in  Scotland,  the 
Bathgate  Works  and  the  Crofthead  Oil  Works;  but  in  1852  the 
latter  works  was  closed.  In  1857,  three  oil  works  were  in  exist- 
ence, and  this  number  was  increased  to  19  in  1862,  the  year  in 
which  the  Torbanehill  mineral'  became  exhausted,  and  gas  and 
parrot  coals  and  oil-shale  were  resorted  to.  While  torbanite 
yielded  from  06  to  130  gal.  of  crude  oil  per  ton,  the  shales  first 
used  furnished  only  45  g 

Young's  patent  expired  in  1864,  in  which  year  38  new  works 
were  erected;  but  about  this  time  the  industry  received  a  severe 
check  on  account  of  the  importation  of  kerosene  into  the  British 
Isles  from   the  United  States.     In  addition,   competition  had 

■  ELif  and  Hauor,  toe.  eU.;  Baskerville,  Bng-  Min.  J.,  88,  140. 
■English  Patent   13292,  18M;  see  also  Youno,  Proe.   Scot.  Soc  Arlt, 
T  (1868),  38. 

*  See  p.  917  fur  an  account  of  Torbanehill  mincrul,  or  torbanite, 
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caused  prices  to  fall  greatly.  The  price  of  burning  oil  was  2a. 
6d.  per  gallon  from  1850  to  1864,  and  Is.  6d.  soon  after  the  ex- 
piration of  Young's  patent.  In  1871,  51  works  were  in  operation 
in  Scotland;  in  1880,  only  19  were  running,  and  in  1895  but  12. 

At  the  present  time  the  number  of  companies  refining  shale 
oil  in  Scotland  is  four;  these  are  as  follows:  Young's  Paraffin 
Light  and  Mineral  Oil  Company,  Ltd.,  which  was  organized  in 
1866,  and  has  crude  oil  works  at  Addiewell,  Bathgate  and  Up- 
hall;  the  Oakbank  Oil  Company,  Ltd.,  which  was  roistered 
in  1886  to  take  over  the  properties  of  a  company  of  ihe  same 
name,  established  in  1869;  the  Broxburn  Oil  Company,  Ltd., 
which  was  started  in  1877,  and  has  crude  oil  works  at  Broxburn 
and  Roman  Camp;  and  the  Pumpherston  Oil  Company,  Ltd., 
which  was  formed  in  1883,  and  has  crude  oil  works  at  Pumpher- 
ston, Tarbrax,  Seafield,  and  Deans, 

The  development  of  the  Scottish  shale-oil  industry  has  been 
carried  out  with  skill  and  resource,  and  it  is  to  be  regretted  that 
the  industry  has  not  met  with  the  entire  commercial  success  it 
well  deserves.  Ever  since  1850,  it  has  only  been  by  extremely 
careful  management  and  the  constant  and  intelligent  applica- 
tion of  science  to  the  improvement  of  processes  and  to  the  utiliza- 
tion of  waste  products,  that  the  oil  refinei's  of  Scotland  have  been 
able  to  hold  their  own.  However,  the  success  of  the  companies 
now  in  operation  is  shown  by  the  dividends  declared  annually. 

Following  the  granting  of  a  patent  to  Young  for  a  process  of 
producing  paraffin  from  bituminous  minerals,  various  companies 
were  organized  in  Flintshire,  England;^  but  after  the  initial  de- 
velopment of  the  Pennsylvania  oil  fields,  retorts  costing  $300 
were  sold  for  $15  to  scrap-iron  dealers. 

THE  OIL-SHALES  OF  SCOTLAND 

The  Scotch  oil-shales  arc  a  peculiar  group  of  rocks  which  occur 
in  a  somewhat  broad  and  well-defined  belt,  lying  largely  to  the 
west  of  Edinburgh,  but  are  developed  on  both  sides  of  the  Firth 
of  Forth.     They  are  described  in  the  Memoirs  of  the  Geological 

^  These  companies,  which  were  all  of  small  proportions,  were  as  follows: 
Robottom  &  Co.,  Ferney  Company,  FHntsliirc  Oil  Company,  Williams  Oil 
Company,  Coppa  Colliery  Company,  Coppa  Oil  Company,  and  Padeswood 
Oil  Company.  About  this  time,  a  company,  the  Bituminous  Shale  Company, 
was  organized  in  Dorsetshire,  and  a  plant  was  erected  in  Weymouth.  In 
1854,  the  works  were  removed  to  Wareham,  and  the  company  dissolved  in 
1872.     An  inferior  cannel  coal  was  distilled  in  Wales  about  the  same  time. 
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Survey  of  Scotlmid  under  the  name  of  the  Calcifcrous  Sandstone 
series.  Oil-shale^  is  a  fine-grained,  brownish  (sometimes  brovra- 
ish  black  and  black)  clay  shale,  which  can  bo  readily  recognized 
in  the  field.  It  has  a  laminated  or  horny  fracture  and  possesses 
a  specific  gravity  of  about  1.75.  A  true  oil-shale  does  not  coke 
when  heated  to  redness  in  a  closed  vessel, 

The  brownish  oil-bands  are  interstratified  with  non-bituminous 
or  leas  bituminous  beds,  sometimes  of  a  bluish  gray  color,  known 
to  the  miners  as  "blaes;"  and  when  destitute  of  bituminous 
matter  and  occurring  as  barren  blaes,  or  ribs  of  hard  calcareous 
or  quartzuse  matter,  as  "  kingle."  The  blaes  variety  decomposes 
much  more  readily  on  exposure  to  the  weather  than  the  oil- 
ahales;  and  the  bluish  gray  color  (whence  the  name  blaes),  when 
the  shale  is  decomposed  into  clay,  is  easily  noted.  The  oil- 
shales,  from  the  presence  of  the  bituminous  matter,  strongly 
resist  the  action  of  the  atmosphere  and  remain  for  years  on  the 
dump,  the  brown  shale  of  the  surface  changing  to  a  bluish  gray 
tint.  The  beds  or  bands  are  persistent  for  long  distances,  but 
sometimes  lose  their  bituminous  character,  and  pass  into  the 
bluish  or  blaes  variety. 

The  oil-shales  of  the  district  are  known  as  plain  and  curly,  the 
Dlain  being  flat-surfaced,  often  with  a  slickensided  aspect,  due 
doubtless  to  sliding,  through  the  agency  of  faults,  wliile  the  curly 
variety  is  somewhat  contorted  or  curled.  They  are  both  quite 
soft  and  free  from  grit,  yielding  readily  to  a  sharp  knife,  and  can 
be  cut  off  in  thin  shavings  without  breaking  during  the  process 
of  cutting. 

The  value  of  Scotch  oil-shale,  as  now  mined,  does  not  entirely 
depend  upon  the  yield  of  oil  by  distillation,  and,  as  a  rule,  those 
now  worked  do  not  seem  to  be  as  rich  in  kerogeu  as  in  the  earlier 
days  of  tlie  industry.  Much  of  the  present  value  depends  upon 
the  percentage  of  nitrogen  and  consequently  upon  the  yield  of 
ammonia  during  retorting.  The  itraount  of  crude  oil  now  ob- 
tained by  retorting  Scotch  shale  rarely  exceeds  30  gal.  per  ton, 
and  shales  yielding  as  low  as  10  to  15  gal.  are  l>eing  retorted,  owing 
to  the  fact  that  the  yield  of  ammonia  is  sometimes  larger  in 
shales  poor  In  oil  yield  than  from  those  of  high  kerogen  content. 
The  yield  of  ammonium  sulphate  is,  therefore,  a  most  important 
factor  in  estimating  the  profits  arising  from  the  distillation  of 
shales,  because  of  the  extensive  demand  for  this  product.     In 

'  Mao  known  aa  pyroscliiiit  or  bitumiuoua  ahalc. 
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operating  shale  depoaitSy  the  matter  of  by-produots  must  alwasrs 
be  carefully  considered. 

Scottish  Oil-Shale  Seams. — ^The  highest  seam  formerly  worked 
for  oil  in  the  West  Lothian  district  was  the  Torbanehill  minetal, 
already  referred  to.  This  occurred  at  the  base  of  the  coal 
measures,  overlying  the  Millstone-grit.  In  this  conneoflon  it 
holds  the  same  geological  position  as  the  stellaiite  found  in  the 
Piotou  coal-basin  of  Nova  Scotia,  where  this  mineral  occurs 
near  the  base  of  the  coal  measures  and  overlying  the  lifill- 
stone-grit  of  that  area.  In  the  list  of  seams  which  occur  in  the 
Scotch  shale  field,  this  bed  of  Torbanehill  mineral  may  be  styled 
No.  1  as  regards  position. 

The  shales  worked  from  time  to  time  in  the  Scotoh  areas^ 
several  of  which  have  long  since  been  abandoned,  may  be  de- 
scribed in  the  following  descending^  orders 

No.  2. — ^A  seam  of  11  in.,  Levenseat  shale,  3delding  29  gal.  of 
crude  oil  per  ton;  worked  probably  as  the  parrot  coal  seam; 
belongs  to  the  Lower  Carboniferous  limestohe  formation. 

No.  3. — From  the  Calciferous  Sandstone  formation.  The 
upper  shale  is  the  Raebum  or  Damhead  shale,  3  ft.  to  5  ft. 
thick,  sometimes  6  ft.,  including  layers  of  blaes  or  fireclay. 
Worked  at  West  Calder,  Tarbrax,  and  Charlesfield.  The  yield 
of  oil  was  54 J^  gal.;  ammonium  sulphate,  14  lb. 

No.  4. — Mungle  or  Steuart  shale,  2  ft.  thick  at  West  Calder. 
A  2-ft.  seam  of  coal  was  worked  at  Broxburn  by  Robert  Bell, 
together  with  17  in.  shale,  yielding  26  gal.  of  oil  per  ton.  There 
were  4  in.  of  ironstone  above  the  shale.  At  another  point  in  the 
Broxburn  field  there  were  17  in.  of  shale,  giving  41  gal.  of  crude 
oil  per  ton,  the  average  yield  being  34  to  35  gal.  oil  and  30  lb. 
ammoniiun  sulphate. 

No.  5. — The  ''grey  shale"  of  Addiewell,  about  20  in.  thick.  It 
gave  crude  oil,  28  gal.;  and  ammoniiun  sulphate,  from  13  to 
18  1b. 

No.  6.— The  Pells  shale,  from  3  ft.  to  5  ft.  thick  at  West 
Calder,  and  in  places  about  7  ft.;  mined  at  Addiewell,  Tarbrax, 
Breich,  Seafield,  Hermand,  and  Pentland.  Yield  of  oil,  from 
26  to  40  gal. ;  of  ammoniiun  sulphate,  20  to  35  lb. 

No.  7. — ^Wee  shale  of  Oakbank;  2  ft.  thick;  not  worked;  oil, 
36  gal. 

No.  8. — Big  shale  of  Oakbank;  4  ft.  6  in.  thick;  formerly  used 
at  Oakbank;  oil,  22  gal. 
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No.  9.' — Wild  shale  of  Oakbank,  or  Lower  Big  shale,  the  gray 
shale  of  Broxburn;  worked  at  Oakbank  and  Broxburn,  6  ft. 
thick;  oil,  293^  gal.;  ammonium  sulphate,  34  to  41  lb. 

No.  10.^^ — The  Curly  shale  of  Oakbank  and  Broxburn;  mined 
at  Broxburn,  Oakbank,  and  Dalmeny;  6  ft.  thick;  oil,  22  gal.; 
ammonium  sulphate,  35  lb. 

No.  11.^ — The  Broxburn  shale,  which  varies  in  oil  from  10  gal. 
to  50  gal.  Includes  several  seams,  of  which  at  Broxburn  there 
are  three:  the  Broxburn  Gray,  6  ft.  thick,  giving  about  23  gal. 
of  oil  and  35  lb.  of  ammonium  sulphate;  the  BroxbiH-n  Ciu'ly, 
5  ft.  6  in.  thick,  with  26  gal.  of  oil  and  38  lb.  of  ammonium  sul- 
phate; and  the  Broxburn,  from  5  to  6  ft.  thick,  giving  oil  from  28 
to  35  gal.,  and  40  lb.  of  ammonium  sulphate. 

No.  12.' — ^Lower  Wild  shale  of  Oakbank,  5  ft.  6  in.  thick.  It 
gives  19%  gal.  of  crude  oil  per  ton. 

No.  13.— The  Dunnet  shale,  from  4  ft.  to  12  ft.  thick.  This 
yields  24  to  33  gal.  of  oil  and  24  lb.  of  ammonium  sulphate.  It 
varies  considerably  at  different  ppints. 

No.  14.' — The  Oakbank  New  shale,  8  ft.  6  in.  thick.  It  gives 
20M  gal.  of  oil. 

No.  15.' — The  Barracks  shale,  sometimes  8  ft.  thick.  It 
yields  from  18  to  22  gal.  of  oil. 

No.  16. — The  Pumpherston  seams,  five  in  number,  as  under: 

1.^  Jubilee  seam;  thickness,  8  ft.;  oil,  18  gal.  ammonium 
sulphate,  55  lb. 

2.  Maybrick  seam;  5  ft.  thick;  oil,  17  gal.;  ammonium  sulphate, 
60  1b. 

3.'  Curly  seam;  6  ft.  thick;  oil,  20  gal.;  ammonium  sulphate, 
60  1b. 

4.^  Plain  seam;  7  ft.  thick;  oil,  20  gal.;  ammonium  sulphate, 
60  1b. 

5.^  Wee  seam;  4  ft.  thick;  oil,  18  gal.;  ammoniiun  sulphate, 
601b. 

Regarding  the  thickness  of  the  oil-shales  worked  in  the  Scotch 
field,  this  varies  greatly  in  diflfeVent  parts,  or  even  in  different 
portions,  of  the  same  mining  area.  The  oil-bands  sometimes 
increase  very  materially,  and  vary  from  a  few  feet  or  even  inches 
in  thickness,  to  6,  8,  10,  and  in  some  cases  15  ft.,  interstratified 
with  blaes  or  bluish  gray  portions  less  rich  in  bitiuninous  matter, 
or  with  hard  calcareous  or  silicious  bands. 

^  Seams  now  worked. 
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It  13  practically  impoasible  to  obtain,  in  any  portico  of  the 
Scotch  fields,  continuous  Bectiona  of  the  shale  beds  at  the  surface, 
owii^  to  a  widespread  mantlo  of  drift,  and  the  consequent  paucity 
of  good  sectional  exposures.  In  consequence,  the  geo.ogical 
structures  of  the  several  districts  have  been  lai^y  obtained  by 
a  close  study  of  the  underground  workings  and  from  the  numer^ 
ous  bore-holes.  Certain  bands  of  rock  thus  struck  are  easily 
recognized,  and  serve  as  fixed  points  to  determine  positiona.* 

The  Mining  of  Oil-Shale. — Shale  mining  is  carried  on  very 
much  in  the  same  manner  as  the  mining  of  bitumJnouB  coal. 
The  rrx)f  has  to  be  supported  with  the  usual  timber  props,  pro- 
vi^^ion  ntiule  for  pillars,  and  a  regular  system  of  roads,  driveways 
and  drifts  installed.  In  Scotland,  powder  in  small  charges  is 
geiiorally  used  as  an  explosive,  owing  to  the  soft  nature  of  the 
oil-shale. 

In  the  roguhir  process  nf  mining,  the  broken  down  shales  are 
brought  diri'ct  to  the  surf:icc  by  wire  haulage,  and  transferred 
th(!nc-e  to  the  breaker,  into  which  the  loads  are  discharged  prior 
to  i\w  commiuicc^zncnt  of  the  retorting. 

While  it  varies  according  to  conditions,  the  cost  of  mining 
shale  may  be  placi^l  at  .'ts,  jkt  ton.  Miners'  wages  are  fixed 
[(oriiidically,  and  are  aboiit  us  follow.^:  Miners  ,  ,  .6s.  3d.  per 
day;  helpers  .  .  .Tin.  9d.  per  day.  Two  men  usually  work 
togetliiT,  and  produce  jointly  about  8  tons  per  day  on  a  scam 
(>  ft.  to  7  ft.  thick,  or  an  nvoraK''  of  1  tons  per  man;  and  on  a 
smaller  si'am,  say  of  .">  ft.  to  (t  fl.,  about  i»  tons  for  each  shift  of 
two  men.  ;i.2()8,060  long  tons  of  oil-shale  were  produced  in 
Scotland  in  HIM. 

THE  TECHHOLOGY  OF  THE  SCOTTISH  SHALE-OIL  INDUSTHT 

The  Crude  Oil  Works, — The  crude  oil  works  consists  of  retorts, 
arranged  in  benclios,  the  neee.-jsary  condensers  and  scrubbers, 
the  naphtha  reeovory  plant,  and  the  ammonium  sulphate  plant. 
Tlie  shale  as  it  is  received  at  the  min<^  lu-ad  is  traii3ferre<l  to  the 
retort  department  of  the  works  by  means  of  wagons,  which  are 
rniptied  into  the  shale-bn makers  by  hydraulic  machinery,  and 
there  the  shale  is  broken  into  small  jdcces,  about  G  in.  square,  by 

'  On  llic  gt'ologj'  of  the  Scottish  oil-sliulos,  ace  Cadkll  and  Grant- 
Wilson,  Mem.  (leal.  Surr.  Scotlaml,  1906;  nnil  Cadell,  J.  Geol,  3  (1894), 
2n-i;  Trarw.  Edinb.  GtW.  Soc.,  8  (1901),  110;  and  Trans.  Imt.  Min.  Eng., 
23  (1902),  314. 
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passing  it  between  two  toothed  drums  or  rolls,  about  9  ft,  long, 
which  are  driven  liy  gearing  from  a  steam  engine.     The  breakers 


are  made  of  cast-ii-on  discs,  about  3  ft.  in  diameter,  and  are 
provided  with  heavy  teeth  on  their  periphery;  the  tooth  clearance 
is  about  1  in.     Each  breaker  crushes  about  200  tons  of  shale  per 
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day  of  8  hr.,  and  there  is  one  or  more  of  them,  according  to  I 
amount  of  shale  required  (Figs,  303  and  304),  From  the  breaker, 
the  ahale  drops  into  iron  hutches,  holding  from  10  to  25  cvrt- 
each,  which  are  hauled  up  an  incline  to  the  top  of  the  retort 
bench.  The  hutches  are  raised  by  an  endless  chain  (Figs.  305 
and  306),  set  in  motion  by  wheels  geared  from  the  engine  which 
runs  the  breakers,  and  are  so  ronBtnictecl  that  they  are  easily 


tipped  for  discharging  into  the  top  of  the  retorts.  Four  laborers 
are  required  for  each  breaker. 

The  crude  oil  works  is  generally  located  in  the  center  of  a 
shale  field,  and  in  this  way  considerable  expense  is  saved  in 
haulage. 

Retorts. — As  notetl,  oil-shales  (bituminous  shales)  and  coals  do 
not  contain  free  oil  or  oily  matter— that  is,  they  are  not  oil- 
bearing — but  must  be  aubjected  to  destructive  distillation  at 
low  temperatures,  in  order  to  obtain  a  crude  oil  from  them.     Tim 
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distillation  is  carried  out  in  retorts,  of  which  m.Tny  fnrnT!  ha- 
been  devised  (soG  Figs.  307  and  308).     At  tlio  iiHMin  t.jM,..,  i,..^ 


Fig.  306, — A  general  view  of  the  refinery  of  the  Pumpheraton  Oil  Company, 
Ltd.,  showing  the  endleaa-chain  Imulage-inctiue  to  tue  top  of  the  retorts. 


ever,  there  are  three  types  of  retorts  in  operation,  viz.,  the 
Pumpheraton,  the  Henderson,  and  the  Young  and  Fyfe,  All  of 
these  retorts  are  based  on  the  Young  and  BelJby  principle. 
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The  Young  and  Beilby  retort  (Kg.  309),  which  waa  patented 
in  1881,'  coneisted  of  four  iron  retorts,  connected  with  a  common 
hopper  above.  Each  retort  waa  provided  with  an  iron  upper 
part,  in  which  the  oil  was  distilled  from  the  shale  at  the  "lowest 
possible  temperature"  (about  900°F.);  after  the  oil  had  prac- 
tically all  distUled,  the  shale  passed  down  through  the  lower 
portion  of  the  retort,  which  was  built  of  firebrick.  In  this 
section  of  the  retort  the  dckerogenatcd  shale  was  subjected  to  a 
high  temperature   (about  1,300°F.),  in  the  presence  of  steam. 


Fi.;.  3O8.-TI1C 


(lie  early  (inys  of  Ihe  Scottish  shalc- 


thereby  converting  the  carbon  into  a  mixture  of  carbon  dioxide 
and  carbon  monoxide,  and  the  nitrogen  into  ammonia.  About 
1  lb.  of  steam  per  square  foot  of  shale  was  used,  and  the  shale 
remained  in  the. retort  for  18  hr.  Every  G  hr.  about  8  cwt.  of 
broken  shale  were  put  in  the  top  hopper  (jumbo),  and  at  the 
same  lime  the  spent  shale  was  removed  from  the  bottom  hopper. 
A  bench  of  80  Young  and  Beilby  i-ctorts  had  a  throughput  of  100 
lo  120  tons  of  shale  per  24  hr.  In  1894,  the  quantity  of  shale 
distilled  in  n?torts  of  this  type  amounted  to  92  per  cent,  of  the 
'  Knglish  Patent  4284. 
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production  of  Scotland.     The  cost  of  retorting  1  ton  of  ahale  in 
retorts  of  this  principle  was  24d. 

The  Pumpherston,  or  Bryson,  retort'  (Fig.  310)  waa  devised 
by  Messrs.  Bryson,  Jones,  and  Fraser,  and  is  used  by  the  Pum- 
pherston and  Oakbank  companies  with  success.  It  has  been 
in  use  on  an  extensive  scale  since  1896,  and  there  are  now  about 
1,500  retorts  on  this  principle  in  operation  in  Scotland.  The 
experimental  retort  erected  by  James  Bryson  at  the  Pumpherston 


PiQ   309  — Tlie  Young  and  Bdlby  retort. 


works,  in  1894,  was  the  first  constructed  on  this  plan.  It  was 
found  that,  in  addition  to  reducit^  the  cost  of  working  by  one- 
half,  as  well  as  improving  the  yields  got  from  th^  shale,  it  obviated 
the  difficulties  and  heavy  losses  caused  by  the  shale  fluxing  in 
the  older  types  of  retorts,  which  were  only  moved  intermittently, 
the  continuous  moving  of  the  whole  mass  of  shale  in  the  new  type 
preventing  the  fluxing,  reducing  the  up-keep  from  a  heavy 
charge  to  a  nominal  figure,  and  prcdonging  the  life  of  the  retort 
'English  Patent  7113,  189S. 
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to  an  extent  as  yet  undetennined,  m  the  first  bepcih  bnStf  in ' 
1896,  is  stUI  being  worked. 

The  PumpberstoD  retort  eooaista  ai  two  porticos:  tba  iqipcr 
or  cast-iron  portion,  which  is  16  ft.  in  lengtb,  3  ft.  in  diametar  it 
the  top,  and  2  ft.  4  in.  in  diameter  at  the  bottom;  and  the  kmcr 
or  firebrick  portion,  which  ia  20  ft.  in  length,  3  ft.  4  in.  in  diamete 
at  the  top,  where  it  joins  the  cast^ron  portion,  and  3  fL  in  diapi*- 
ter  at  the  bottom.  Attin 
end  of  the  firMHidc'partioik 
titere  is  a  disc  sappoit,  or. 
table,  iHiioh  mqipQiU  tiw 
oolunm  of  shale  in  the  i^' 
tort;  this  table  is  pgorUeJ 
with  a  revolving  ana,  or 
quadrant,  wiiioh  nsnOvai 
tiie  spent  shale  and  n^tt- 
tains  a  njovenunt  in  ^J"* 
shale  column  by  revolTit 
at  r^ular  inteivnb.  Ay, 
the  top  of  the  retort  there 
are  iron  hoppers,  holding  4 
tons,  10  cwt.  each,  into 
which  1  ton  of  brokm 
shale  is  charged  every  hour. 
The  iron  portion  is  heated 
to  a  dull  red  heat  extern- 
ally, and  it  is  in  this  part 
of  the  retort  that  the  de- 
structive distillation  takes 
place,  the  oil  vapors  pass- 
ing out  below  the  hoppers 
in  an  iron  main,  2  ft.  6  in.  in  diameter.  In  the  lower  or  fire- 
brick part  of  the  retort,  the  shale  is  subjected  to  a  temperature 
sufficiently  high  to  burn  off  all  the  carbon  from  the  oil-spent 
shale;  this  is  done  in  the  presence  of  steam,  and  ammonia  is 
produced  by  the  hydrogen  of  the  steam  uniting  with  the  nitrogen 
contained  in  the  shale.  About  60  per  cent,  of  the  total  nitn^gen 
is  converted  into  ammonia  and  recovered.  At  the  bottom  of . 
the  retort  there  are  hoppers,  which  converge  in  such  a  way  that 
a  single  line  of  rails  under  the  center  of  the  bench  of  retorts  re- 


Fia,  310. — The  Pumpherston  retort. 
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ceives  the  spent  shale,  in  an  iron  hutch,  5  ft.  by  4  ft,  6  in.  by  2 

ft.  (Figs.  311  and  312). 


Fto.  311. -^A  bench  of  FumpherHton  retorts. 


I 


pheraton,  Scotland, 


In  this  type  of  retort,  a  throughput  of  4  to  5  tons  per  day  may 
be  worked  at  a  cost  not  exceeding  Is.  6d.  per  ton. 
The  cost  of  the  Pumpherston  retort,  including  condenser, 
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anunonia  scrubber,  and  receiving  tanks,  but  ezdunve  of  the 

scaffold  for  charging,  amounts  to  about  £360. 
The  HendeiBOn  retort*  {Fi^.  313)  is  now  used,  by  the  Brozbum 

Oil  Company,  Ltd.,  in  an  improved  form.*    This  type  of  retort 

is  60  f  t.  high  f  rom  the  gnHmdWel  to  the  top  of  the  iq)per  hoKiar, 
ai^  the  sectianisoUong. 
The  metal  part  ii  2  ft. 
6  in.  by  1  ft  S  in.  at  the 
top,  and  the  brick  part 
is3ft.  8in.bylft.10 
in.  at  the  bottom;  the 
metal  part  is  12  to  16  ft. 
in  length,  and  the  briok 
part  is  10  ft.  long.  In 
its  newest  form,  the  Henr 
derson  retort  has  two 
toothed  rollers,  8  ft.  ft 
in.  in  length,  at  the  bot-. 
tom  to  support  the  shale 
column  and  to  maintnin 
a  downward  movement 
of  the  shale,  thereby 
regulatin);  the  speed  of 
the  discharge  of  spent 
shale  into  the  hopper  be- 
low. The  original  form 
of  this  type  was  provided 
with  a  single  delivery  rol- 
ler and  was  smaller;  itput 
through  35  cwt.  of  shale 
per  24hr.,  while  the  1001 
retort  is  capable  of  retort- 
ing 43^  tons  per  24  hr. 
Each  retort  is  provided  with  a  malleable-iron  hopper  on  the 

top,  having  a  capacity  of  54  cu.  ft.  and  capable  of  holding  18  hr. 

supply  of  shale.    The  products  are  conducted  off  in  a  2-ft.  branch 

pipe  at  the  bottom  of  the  top  hopper. 
The  retort  is  heated  by  gas  made  from  dross  coal  in  gas 

producers,  which  method  ia  found  to  be  advantageous  in  m^ 
>  English  Patent  6726,  1889. 
*  English  Patent  26647,  IWi, 


Fia.  313.— The  HendeiBOQ  retort 


THE  SHALE-OIL  INDUSTRY 

nipulatiog  and  regulating  the  heats,  besides  saving  fuel.  The 
increased  length  and  capacity  of  this  type  over  the  Young  and 
Beilby  retort  resulted  in  giving  the  shale  longer  exposure  to  the 
distilUtion  temperature,  diminished  wear  and  tear,  and  in- 
creased the  yield  of  ammonia. 

Four  of  these  retorts  are  arranged  in  an  oven,  and  sixteen  ovena 
constitute  a  bench.  At  the  Broxburn  crude  oil  works,  three  and 
a  half  Wnrhos  -atv  in  f.i-.^rati.m  ^l'\~.  311  ;in<l  ;ii:)i. 


Fm.  314.— Two  beiicliea  of  I!i 


The  Young  and  Fyfe  retort'  is  used  by  the  Young's  Company; 
it  is  merely  a  remodelled  Young  and  Beilby  type,  aa  the  improve- 
ments were  applied  to  the  old  retorts  in  use.  Each  retort  is 
composed  of  four  sections;  namely,  a  hopper  redistillation 
chamber  at  the  top,  a  motallic  section,  a  firebrick  chamber,  and 
a  combustion  chamber  of  large  capacity  at  the  bottom.  The 
combustion  chamber  ia  not  externally  heated,  like  the  other  sec- 
tions, but  receives  the  spent  shale  from  the  firebrick  chamber  in 

lEngUeb  PaUmU  13G&5,  1897;  and  1623S,  18»9. 
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&  red-hot  condition.     The  top  hoppers  are  provided  with  rocking 
ehafts,  to  which  are  attached  rods  or  chains,  to  ensure  the  regular 
jaasage  of  the  shale;  and  the  continuous  discharge  at  the  bottom 
a  maintained  by  a  kind  of  roller. 

The  Young  and  Fyfe  retort  is  by  no  means  comparable  in 
efficiency  with  either  the  Henderson  or  Bryson  type. 

The  Crichton  or  Philipstoun  retort  was  used  by  James  Ross  anc 
Company,  at  Philipstoun.     It  was  built  on  the  principle  of  the 
Young  and  Bcilby  retort,  and  consisted  of  18  ft.  3  in.  of  brick- 
work and  an  iron  part  10  ft.  in  length.     As  in  the  case  of  many  o; 
;hc  ehalc  retorts  that  have  been  designed,  the  Crichton  type 

1 

r 

1 

FiQ.  315,— The  crude  oil  worka  of  the  Broxburn  Oil  Company.  Ltd.,  Mhoiv- 
irig  llie  llondoraon  retorts,  eonilcusers,  and  spent  shale  dump. 

differed  from  the  others  mainly  in  the  mechanical  appliance  at 
the  base  of  the  retort  for  removing  the  spent  shale.     This  ap- 
pliance consisted  of  two  transverse  shafts  which  worked  into  a 

easy-working  stuffing-box  at  the  front  to  the  outside  of  the  bench 
of  retorts.     The  outer  ends  of  the  shafts  were  carried  on  an  iron 
Ijearer  with  cod  and  coyer,  and  on  the  end  of  each  shaft  there 
was  an  arm  connected  with  links  to  a  hand  lever.     Each  shaft 
wa^  fitted  with  a  set  of  grippers,  and  the  discharge  of  spent  shale 
was  regulated  by  their  manipulation.     The  retorts  were  drawn 
every  6  hr.,  and  the  throughput  was  about  the  same  as  in  the  oic 
Henderson  retort.     The  shale  in  the  retort  was  under  perfect 
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control,  but  such  a  type  was  much  more  expensive  to  operate 
and  did  not  pay  on  a  large  scale. 

Retort  Condensers. — The  oil  and  water  vapors  leave  the  re- 
torts by  an  outlet  pipe,  usually  about  8  in.  in  diameter,  and  enter 
a  common  main,  generally  about  30  in.  in  diameter.  1}his  main 
convej-s  the  gases  into  a  water  heater,  a  tower  in  which  water 
for  the  steam  boilers  is  heated  in  pipes,  and  then  into  large  up- 
right air-cooled  condensers,  formed  of  light  cast-iron  spigot  and 
faucet  pipes,  4  in.  in  diameter,  fitted  with  cast-iron  chests  and 
resting  on  them  (Fig.  316).  Two  hundred  ft.  of  condenser 
pipe  are  required  for  eveiy  ton  of  shale  put  through  per  24  hr. 
The  crude  oil  and  ammonia  water  collected  from  the  condensers 


1 

-  "fl 

^^^^mH^i 

1 

^ 

c 

i 


arc  run  into  a  separator,  where  they  are  separated,  while  the 
uncondonsible  gases  pass  into  exhausters,  which  continually 
maintain  a  slight  pressvire  on  the  retorts.  The  gases  then  pass 
into  a  vertical  water-scrubber,  where  the  last  traces  of  ammonia 
are  removed;  and  next  into  a  naphtha  scrubber,  where  the  gas  is 
washed  with  mineral  oil  to  al^sorb  the  naphtha.  These  scrubbers 
are  generally  5  ft,  in  diameter  and  30  ft.  in  height. 

The  efficiency  of  tower  scrubbers  for  removing  ammonia  and 
light  hydrocarbons  from  the  uncondeni^ible  retort  gases  depends 
on  three  factors:  the  height  of  the  towers;  the  extent  to  which 
the  vapor  is  split  up  in  its  passage  through  the  vessels;  and  the 
regular  distribution   of  the   absorbing  material,  which  is  now 
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generally  wooden  chequer  work,  although  coke  was  used  for  many 
years.  The  theoretical  scrubbing  limit  is  never  attained  In  the 
ammonia  scrubbers,  and  the  practical  limit  is  reached  when  the 
gas  contains  not  more  tlian  0.5  grain  of  ammonia  per  100  cu. 
ft.;  about  3  lb.  of  ammonium  sulphate  per  ton  of  shale  put 
through  is  recovered.  In  the  naphtha  scrubbers  it  is  possible 
to  reduce  the  illuminating  power  of  the  uncondensible  gas  to 
about  one-half  a  candle.  An  intermediate  oil  (sp.  gr,,  0.S4 
to  0.SS6)  is  used  for  scrubbing,  and  about  2  gal.  of  light  spirit 
(0.73)  are  recovered  from  the  scrubbing  oil  per  ton  of  shale 
retorted.  The  number  and  siises  of  these  towers  are  dependent  on 
the  numljcr  of  retorts  in  operation;  but  for  three  benches  of 


III...  317,— Spfnt  slialo  "biiig,"  llroxbiirn 
retorts  (192),  tliree  naphtha  acrubborsaud  two  ammonia  scrubbers 
are  necessary.  The  scrubbing  oil  is  denuded  of  naphtha  by 
steaming  it  in  a  vessel  containing  a  series  of  plates  and  cups  with 
corrugated  edges.  The  denuded  mineral  oil  is  used  continuously 
after  cooling. 
After  the  retort  gas  is  freed  from  all  condcnsible  and  absorbable 
matters,  it  is  caught  by  a  fan,  which  forces  it  under  a  few  u 
pressure  into  the  main  which  supplies  the  burners  at  the  botto 
of  the  retort  flues. 
It  will  be  seen  that  the  results  of  the  distillation  of  B 
retorts  are  as  follows:  (1)  Spent  shale,  which  is  removed  fro 
the  bottom  hoppers  and  conveyed  by  hutches  to  the  t 
(Fig.  317);  this  residue  b  of  no  value,  although  it  has  been  \ 
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ia  brick-makiDg,  road-making,  and  has  been  suggested  as  a 
material  for  the  manufacture  of  alum.  Spent  shale  contains 
about  2.5  per  cent,  of  fixed  carbon,  and  is  essentially  an  alu- 
minum silicate;  SO  to  85  per  cent,  of  the  raw  shale  put  into  the 
retorts  is  sent  to  the  waste  heaps  aa  spent  shale.  (2)  Permanent 
gaa,  which  is  used  as  fuel  in  the  retorts.  (3)  Crude  oil,  which  is 
pumped  into  tanks  and  then  refined.  (4)  Naphtha,  which  is 
recovered  as  above  described.  (5)  Ammonia  water,  which  is 
distilled  for  the  manufacture  of  ammonium  sulphate. 

Ammonium  Sulphate  Plant. — It  was  some  time  after  the  dis- 
tillation of  Bhalc  had  been  started  in  Scotland  before  the  value 


Fia.  318.-~The  Bulb; 


column-still. 


of  the  water  from  the  retorts  was  discovered.  Robert  Bell,- 
of  Broxburn,  ascertained  its  commercial  possibilities  in  1865 
und  placed  ammonium  sulphate  on  the  market  in  May  of  that 
year. 

Stills. — The  method  which  was  first  used  for  expelling  am- 
monia from  the  ammonia  water  was  to  heat  the  latter  in  hori- 
zontal boilers  and  conduct  the  gaa  into  vessels  containing 
sulphuric  acid,  called  cracker  boxes.  It  was  found,  however, 
that  considerable  loss  of  ammonia  occurred  from  the  inability 
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to  drive  off  all  the  ammonia  contained  in  the  water,  and  ac- 
cordingly, in  1882,  tower  stills  were  introduced. 

The  Beilby  ammonia  colmnnnstill  was  patterned  after  the 
Coffey  alcohol  still,  ahd  was  the  first  tower-still  used.  In  this 
still,  the  ammonia  water  entered  at  the  top  and  was  deprived  of 
most  of  the  ammonia,  before  it  overflowed  through  an  outlet  at 
the  base  of  the  still,  by  the  action  of  20-lb.  pressure  steam,  which 

passed  upward  and  carried  the 
ammonia  vapors  with  it.  The 
descending  water  and  the  as- 
cending steam  were  forced  to 
travel  over  a  zigzag  course,  and 
were  thereby  brought  into  in- 
timate contact,  by  means  of 
concave  and  convex  plates  con- 
taining openings.  The  action 
of  this  still  was  continuous 
(Fig.  318). 

Nearly  all  the  ammonia  stills 
now  in  operation  are  based  on 
the  Henderson  type.*  In  this 
column-still  the  ammonia  water 
is  run  in  at  the  top,  and  flows 
from  tray  to  tray,  where  it  is 
acted  on  by  30-lb.  pressure 
steam,  blown  in  at  the  bottom 
of  the  stills.  The  ammonia 
water  is  consequently  boiled, 
and  the  volatile  ammonia  com- 
pounds are  expelled  in  a  Raseous  state.  The  stills  of  this  type 
are  generally  22  ft.  in  height  and  5  ft.  in  diameter,  and  contain 
eleven  trays  (see  Fig.  319).  The  capacity  of  such  a  still  is  45,000 
gal.  of  ammonia  liquor  per  day. 

The  gaseous  ammonia  compounds  arc  conducted  into  sulphuric 
acid:  first  into  sulphuric  acid  recovered  from  the  refinery  tars, 
the  ammonium  sulphate  thus  produced  being  obtained  by  boiling 
down  the  solution;  and  second,  the  rest  of  the  gas  is  passed  into 
a  cracker  box  of  fresh  chamber  sulphuric  acid.  Wilton's  form 
of  cracker  box  is  now  widely  used.  The  sulphuric  acid  flows 
into  the  cracker  box  in  a  constant  stream  in  lead  pipes,  with 
1  English  Patent  15836,  1886, 


Fk;.  310.— Two   trays  of  the  Hen- 
derson ammonia  column-still. 
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sulphuric  acid  and  caustic  soda,  but  is  subjected  to  destructive 
distillation.  This  distillation  is  carried  out  iu  pot  stilU  of 
2,000  gal,  capacity,  made  of  cast  iron,  which  stills  are  3  ft.  6  in. 
to  4  ft.  6  in.  deep,  and  8  ft.  6  in.  in  diameter  at  the  top;  the 
top,  which  is  made  of  steel,  is  generally  8  ft.  8  in.  in  diameter  by 
6  ft.  in  depth.  Each  still  has  a  condensing  worm  225  ft.  in 
length,  made  of  4-in.  ca«t-iron  pipe,  immersed  in  water  in  a  tank. 
Before  the  distillate  passes  from  the  condenser  to  the  receiver, 
it  is  conducted  into  a  separator  box,  which  is  provided  with  a 
water  outlet  at  the  bottom  and  an  oil  outlet  higher  up.     In 


BHj^^^^PT  :'MU^^u    J^.  Lk.  'Ugl 


Fio.  3 


i. — Crude  oil  Btills  in  the  refinery  at  Pumphereton,  Scotkiid. 


this  box  the  water  resulting  from  the  condensation  of  the  steam 
used  in  the  distillation  is  separated  from  the  oil  distillate.  The 
stills  are  first  heated  externally  for  about  10  hr,  to  expel  all  the 
water  contained  in  the  oil,  then  steam  is  gradually  iatrochiced. 
The  steam  used  is  more  or  less  superheated,  and  it  serves  to 
prevent  decomposition,  to  carry  the  oil  vapors  over,  and  to  lower 
the  boiling  point  of  the  oil.  The  quantity  of  steam  used  is  vari- 
able, but  when  the  heavier  oils  are  coming  off,  the  distillate  is 
usually  accompanied  by  20  per  cent,  of  condensed  water.  The 
crude  oil  is  run  down  to  dryness  in  about  a  day,  and  the  steam  is 
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not  shut  off  until  about  3  hr.  after  the  close  of  the  distillation. 
The  still  is  then  allowed  to  coo]  for  a  day,  and  the  still  coke  is 
removed;  this  material  represents  about  3  per  cent,  of  the 
crude  oil.  The  pot  stills  are  run  about  three  times  per  week. 
The  naphtha,  which  is  collected  during  the  first  stage  of  this 
distillation,  has  a  specific  gravity  of  about  0.74;  and  the  remainder 
of  the  distillate  is  run  into  one  tank  and  is  known  as  "once-nm 
oil."  There  is  also  some  permanent  gas  produced  in  this  dis- 
tillation; it  is  used  for  fuel.  The  Broxburn  Company  has  ar- 
rangements at  its  refinery  whereby  the  uncondensed  gases  from 
the  condensers  connected  with  the  crude  oil  boilers  and  crude  oil 
residue  stills,  are  eoHeeted  and  used.     The  gases  from  the  residue 
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refiiii^ry  at.  Piinipli 


stills  arc  mostly  due  to  the  decomposition  of  a  part  of  the  oil; 
these  gases  do  not  condense  to  a  liquid  form  under  working  con- 
ditions, but  are  of  value  either  as  illuminants  or  as  fuel.  The 
Broxburn  Company  obtains  about  60,000  cu.  ft.  of  good  illumi- 
nating gas  per  day,  or  about  1^^  cu.  ft.  for  every  gallon  of 
crude  oil  put  through.  This  gas  is  used  for  lighting  the  works  and 
village  nearby,  which  were  formerly  supplied  with  gas  from  coal 
earbonizers.  This  company  also  obtains  light  naphtha  by  pass- 
ing the  gas  through  a  water  lute;  it  is  made  into  motor  spirit. 
This  naphtha  comes  over  with  the  overflow  water  of  the  hydraulic 
main,  and  is  separated  in  an  ordinary  separator  and  collected 
in  a  receiving  tank. 

In  refining  crude  shale  oil,  noxious  gases  are  evolved.     From 


J 


834 


THE  AMERICAN  PETROLEUM  INDUSTRY 


the  condensers  connected  with  the  crude  oil  stills,  hydrogen 
sulphide  escapes,  and  during  the  subsequent  refining  and 
fractionations  gases  containing  hydrogen  sulphide  are  also 
formed,  especially  in  the  residue  stills.  The  Young's  Company 
uses  iron  oxide  purifiers  for  absorbing  the  hydrogen  sulphide. 

In  the  distillation  of  50,000  gal.  of  crude  oil  for  the  production 
of  '-once-run  oil,"  twenty-foiu*  pot  stills  and  five  boiler  stills  are 
required.  The  latter  are  made  of  steel,  and  are  for  continuous 
working  only;  they  arc  generally  30  ft.  long  and  8  ft.  6  in.  in  di- 
ameter. Boiler  stills  of  this  size  require  a  condensing  area  of  850 
sq.  ft.  In  the  Henderson  system  of  continuous  distillation,^  the 
boiler  stills  are  19  ft.  in  length  and  7  ft.  in  diameter.  The 
methods  of  continuous  refining  now  in  use  in  Scotland  are  based 
on  this  system. 2 


Y\r,.  32.5. — ConiKM'tcMl  boiler  stills  of  the  type  in  use  at  Broxburn,  Scotland. 


The  ^'once-run  oil''  from  the  crude  oil  distillation  is  first 
settled  free  from  watcT,  and  is  then  pumped  into  an  acid  agitator, 
wliere  it  is  treated  with  sulphuric  aeid.  The  agitator  is  first 
charged  witii  the  oil  and  agitation  is  started,  then  the  acid  is 
a(hle(l  and  tiie  aji;itation  is  eontinued  for  a  period  of  from  15 
min.  to  over  an  hour,  depcnuling  on  the  grade  of  the  oil.  The 
mixture  is  then  allowed  to  setthi  for  a])Out  a  day,  and  the  tar  is 
drawn  off  at  the  bottom.  The  oil  is  then  pumped  from  the 
acid  agitator  into  the  soda  agitator,  where  it  receives  the  caustic 
soda  treatment.  It  is  allow(Kl  to  settle  for  about  8  hr.  after  the 
seeond  treatment  with  caustic  soda,  and  is  then  pmnped  to  a 
storage  tank  to  supply  the  first  stage  oil  stills.     The  agitation 

1  English  Patents  510,  1883;  13014,  1885. 

2  Henderson's  process  of  continuous  distillation  has  also  been  employed 
in  the  fractionation  of  tho  petroleum  from  Upper  Burma,  at  Rangoon, 
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is  performed  by  means  of  air  in  an  agitator  from  6  to  9  ft.  in 
diameter  and  10  to  15  ft.  in  depth;  the  air  is  blown  in  imder  a 
pressm*e  of  from  6  to  10  lb.  per  square  inch,  and  serves  to  mix 
the  oil  and  acid  and  oil  and  caustic  soda  thoroughly  in  its  passage 
to  the  surface. 

The  treated  "once-run  oil"  is  then  distilled  in  the  first  stage 
oil  stills;  it  is  called  "green  oil,"  and  is  fractionated  into  naphtha, 
light  oil,  heavy  oil,  and  heavy  oil  and  wax.  The  residuimi  is 
coked  in  pot  stijls.  In  a  refinery  having  a  working  capacity  of 
50,000  gal.  of  crude  oil,  seventeen  pot  stills  and  six  boiler  stills 
are  used  at  this  stage.     The  light  oil  and  heavy  oil  are  pumped 
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FiQ.  326. — Form  of  lubricating  oil  Fig.  327. — Form  of  residue  still 

still  used  in  the  Scottish  shalo-oil  re-      used  in  the  Scottish  shale-oil   re- 
fineries, fineries. 

into  separate  agitators,   and  are  treated  with  sulphuric  acid 
and  caustic  soda,  for  the  removal  of  the  acid  and  basic  tars. 

The  heavy  oil  resulting  from  the  above  distillation  is  distilled 
in  boiler  stills,  fractionating  into  burning  oil,  gas  oil,  and  heavy  oil. 
The  latter  is  added  to  the  heavy  oil  and  paraffin  from  the  first- 
stage  distillation,  while  the  gas  oil  is  cooled  and  pressed  in  the 
paraffin  house  to  separate  into  soft  paraffin  and  0.850  gas  oil. 
The  burning  oil  is  treated  with  sulphuric  acid  and  caustic  soda, 
and  is  distilled  along  with  the  light  oil  distillate  of  the  first 
stage,  fractionating  into  naphtha,  burning  oil  (0.785),  burning 
oil  (0.800),  burning  oil  (0.810),  and  gas  oil.  The  latter  is  com- 
bincKl  with  the  gas  oil  from  the  heavy  oil  distillation.  The 
heavy  oil   and   paraffin  are  cooled  and  pressed  in  the  paraffin 
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house  (see  below),  producing  "blue  oil"  and  hard  parafifin  scale.             ] 
The  former  is  refined  with  sulphuric  acid  and  caustic  soda,  and  is 
,hen   distilled   over  caustic  soda  in   boiler  stills,  fractionating 
nto  lubricating  oils.     The  first  lubricating  oil  distillate  is  cooled 
and  pressed,  giving  0.865  oil  and  soft  wax;  and  the  second 
distillate  ia  given  the  same  treatment,  which  results  in  0.885 
oil  aud  soft  wax.     The  lubricating  oil  is  then  refined  in  pot 
Htilla  holding  2,200  gal.,   and  the  soft  paraffin  wax  ia  added 
io  the  sweatings  from  the  hard  paraffin  scale  produced  from 
the  heavy  oil  and  paraffin.     The  sweatings  are  resweated.  form-           J 

^Hi 

ing  lOCF.  m.p.  wax  and  HOT.  m.p.  wax,  and  the  wax  from  the 
resweating  of  the  hard  scale  gives  1 15°F.  m.p.  wax  and  hard  wax. 
The  naphtha  from  the,  towers  connected  with  the  condensers 
of  the  retorts  is  mixed  with  the  naphtha  from  the  first-stage  stills 
and  is  treated  with  acid  and  caustic  soda  in  agitators  provide* 
with  means  for  mechanical  agitation.     It  is  then  distilled  into 
0.730  and  0.740  naphtha,  and  a  residue  of  Ught  oil,  which  it 
generally  refined  with  the  "gieen  oil." 

Separation   of  the  Paraffin. — The  separation  of  the  paraffir 
wax  of  various  melting  points  has  been  referred  to,  but  a  more 
detailed  account  of  the  methods  employed  b  of  interest. 

1 
J 
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The  heavy  oil  is  first  cooled  id  tasks  set  in  open  sheds  and  is 
then  further  cooled  with  freezing  machines.  The  latter  are 
generally  ammonia  absorption  machines,  in  which  a  solution  of 
calcium  chloride  is  cooled  and  placed  in  a  tank  containing  alter- 
nate compartments— wide  ones  for  the  oil  and  paraffin,  and 
narrow  ones  for  the  brine  solution.  The  oil  and  paraffin  lie  in 
these  compartments  for  many  hours,  and  solid  paraffin  crystallizes 
out.  Beilhy  designed  a  cooler  in  which  the  paraffin  lay  undis- 
turbed until  sufficiently  cooled,  but  such  a  method  required 
much  time  for  crystallization  and  necessitated  a  large  plant. 
The  Henderson  form  of  cooler'  is  so  arranged  that  a  larger 
throughput  may  be  effected.  It  is  provided  with  a  ecraper, 
which  removes  the  chilled  mass  of  paraffin  from  the  cold  plate 
and  permits  the  warmer  material  to  move  to  the  cold  sides  of 
the  tank.  Some  works  use  dry  ammonia  gas,  liquefied  by  pres- 
sure, and  utilize  the  cold  by  passing  the  paraffin  mixture  through 
pipes  which  are  chilled  by  the  evaporating  ammonia  gas.  This 
produces  more  sudden  chilling,  and  causes  some  paraffin  to 
thicken  in  an  amorphous  state. 

From  the  cooling  machines,  the  paraffin  is  broken  up  by 
machinery  and  is  pumped  through  filter  pres.sps.  The  paraffin 
18  collected  in  the  press,  while  the  oil  flows  into  its  own  tank. 
When  the  cooling  is  earned  out  by  means  of  ammonia  gas,  with- 
out the  interposition  of  the  brine,  many  more  filter  presses  are 
necessary.  The  paraffin  wax  from  the  filter  presses  is  further 
squeezed  in  cloths  in  hydraulic  plate  presses,  and  is  called  paraffiB 
scale.  The  heavy  oil  separated  from  the  solid  wax  is  known  as 
"blue  oil;"  the  refining  of  this  oil  has  been  referred  to  above. 

The  crude  paraffin  was  formerly  refined  by  repeated  crystal- 
lization from  naphtha,  but  this  is  now  accomplished  by  sweating. 
In  the  naphtha  treatment  the  oily  matters  were  removed  by 
dissolving  the  paraffin  in  naphtha  and  allowing  it  to  crystallize 
out.  This  operation  was  generally  conducted  three  times,  and 
the  loss  of  naphtha  amoimted  to  about  200  gal.  per  ton  of 
paraffin  refined.  The  paraffin  was  freed  from  the  adherent 
naphtha  by  being  melted  in  a  closed  iron  vessel,  where  it  was 
exposed  to  a  current  of  steam  at  20  lb.  pressure  for  48  to  60  hr. 
The  paraffin  was  finally  decolorized  by  agitation  for  1}^  hr.  with 
animal  charcoal,  in  pans,  with  a  horizontal  mixer. 

>  Ea«liflh  Patent  9657,  1884. 
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In  the  sweating  process,  which  is  now  generally  used,  naphtha 
is  not  employed,  the  paraffin  being  simply  exposed  to  such  a 
temperature  that  the  softer  paraffin  is  melted  and  runs  away  with 
the  oil.  In  carrying  out  the  process,  the  crude  scale  was  for- 
merly melted,  and  heated  to  about  180®F.,  in  order  that  water 
and  other  impurities  might  be  separated,  after  which  it  was  run 
into  pans  of  1  to  2  gal.  capacity  and  then  allowed  to  solidify. 
The  cakes  were  afterward  placed  on  cocoa  fiber  mats  on  inclined 
shelves  and  ovens,  which  were  heated  by  steam  pipes  to  about 
30**F.  below  the  melting  point  which  the  finished  product  was 
required  to  have.  The  portion  which  ran  out  was  again  treated 
in  the  same  way  and  sweated  at  a  lower  temperature,  and  the 
drainings  from  it  were  cooled  and  pressed  to  obtain  oil  and  scale, 
the  latter  being  either  worked  up  with  the  crude  scale  mixed 
with  a  portion  of  the  intermediate  wax  or  worked  alone. 

In  1886,  Tervet  and  Alison  patented  a  cooling  and  sweating 
arrangement  for  treating  large  quantities  of  paraffin.  It  con- 
sisted of  a  cooling  and  sweating  chamber,  each  formed  in  three 
sections  so  that  three  qualities  of  wax  might  be  treated.^  In 
1887,  Tervet  patented  another  sweating  apparatus,  in  which  it 
was  claimed  that  first-class  wax  could  be  obtained  from  crude 
scale  in  one  operation.- 

In  the  sweating  process  patented  by  Norman  M.  Henderson,* 
which  has  been  widely  employed,  a  chamber  about  52  ft.  by 
13  ft.  by  10  ft.,  having  steam  pipes  for  heating  it,  and  enlarged 
doors  and  ventilators  which  may  be  opened  for  cooling  it,  is 
fitted  with  a  number  of  superimposed  horizontal  trays,  about 
21  ft.  by  G  ft.  6  in.  wide,  resting  on  transverse  heating  pipes. 
Ea(»h  of  these  trays  is  supplied  with  a  horizontal  strainer  of  wire 
gauze  of  about  10  meshes  to  the  inch.  The  bottoms  of  the  trays 
comniunieate  by  short  pipes  with  nozzles  constructed  to  work 
with  worm  wheels  on  a  vertical  shaft.  Before  charging  the  trays, 
the  diaphragm,  or  strainer,  is  covered  with  about  }4  i^-  of  water, 
which  prevents  the  melted  wax  from  running  through  the  dia- 
phragm. The  crude  solid  paraffin  from  the  filter  presses,  after 
being  melted  in  the  tank,  is  pmnped  through  the  vertical  charging 
pipes,  and  through  the  small  cocks  on  to  the  surface  of  the  water, 
to  fill  the  trays;  and  when  it  is  solidified,  the  water  is  nm  off,  the 

1  English  Patent  8756,  1886. 

2  p:nglish  Patent  4,  1887. 

3  English  Patents  1201,  1887;  and  11799,  1891. 


l&ke  of  paraffin  resting  on  the  gauze,  and  the  doors  and  ventl- 
catora  are  closed.  The  stove  is  then  heated  for  a  considerable 
time  to  SOT.,  and  finally  to  the  temperature  at  which  the  sweat- 
ing is  to  take  place,  and  the  liquefied  impurities  are  drained  oS 
until  the  overflowing  paraffin  sets  on  a  thermometer  bulb  at 
ISO^F.  The  various  liquids  separated  in  the  refining  of  the  wax 
are  drawn  ofE  through  the  nozzles  into  hoppers  on  the  standard 
pipes,  which  lead  them  into  horizontal  pipes,  through  which  they 
are  passed  to  suitable  receivers.  When  the  sweating  is  completed, 
the  remaining  wax  is  melted  by  increasing  the  temperature 
and  is  run  off  through  the  same  outlets  into  a  tank,  from  which 
it  is  pxmiped  for  treatment  with  bone-black,  as  in  the  older 
proceasea.  The  stoves  used  in  this  process  are  built  of  brick, 
and  have  double  doors  of  iron  and  wood,  generally  with  sawdust 
between.  Each  stove  is  fitted  with  two  sets  of  nine  pans  each, 
and  will  take  from  two  to  three  charges  of  14  tons  each  per  week, 
according  to  circumstances.  Larger  capacity  stoves  are  also  in 
use.  At  the  Pumpherston  refinery  there  are  twenty  sweating 
'  houses  for  refining  the  parafiin  wax;  each  house  contains  two  sets 
of  nine  pans  each. 

Henderson  also  designed  an  improved  apparatus  for  sweating 
paraffin  wax,  which  ia  said  to  be  superior  to  hia  older  process. 
In  the  new  process  the  paraflin  is  sweated  in  cells;  a  sweating 
house  for  an  installation  of  144  cells  being  50  tt.  long  by  14  ft. 
wide  by  16  ft,  high.  The  full  chaise  of  paraffin  wax  in  the  cells 
is  32  tons,  and  the  cells  may  be  charged  and  run  twice  a  week. 
Four  such  installations  of  144  cells  will  give  a  throughput  of 
276  tons  per  week.  At  the  Broxburn  refinery,  a  number  of 
these  installations  are  in  operation. 

The  cost  of  a  refijiing  plant  is  about  £11,000  per  1,000,000  gal. 
of  crude  oil  run  jwr  year,  and  a  refinery  to  deal  with  10,000,000 
gal.  of  oil  per  year  will  cost  approximately  £200,000,  every- 
thing included.  The  cost  of  lalwr  and  everything  in  and  for 
the  refinery  is  three  farthings  to  one  penny  per  gallon  of  crude 
oil  put  through.  Three  classes  of  workmen  are  employed 
in  the  refineries:  stillhcadmen  (three  for  each  shift),  two  assistants 
I  to  the  stillheadmen,  and  six  firemen  for  each  shift. 

I  Products    of    Scottish    Shale-Oil.— 1.  The   permanent  gases 

I  produced  by  retorting  are  used  for  fuel.     The  composition  of 

I  these  gases  varies  considerably,  but  the  retort  gas  from  Eryson 

f  retorts,    using    Pumpherston    shale,   generally   contains   50   to 
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60  per  cent,  of  hydrogen  and  about  20  per  cent,  of  carbon 
dioxide. 

2.  Shale  naphtha  usually  consists  of  60  to  70  per  cent,  of  olefines 
and  other  hydrocarbons  acted  on  by  fuming  nitric  acid,  the  other 
constituents  being  principally  of  the  paraffin  series.  It  is 
completely  volatile  at  ordinary  temperatures,  and  is  obtained  in 
different  specific  gravities  and  boiling  points,  according  to  re- 
quirements; for  instance,  0.660  for  gasoline  and  0.690  for  motor 
spirit.  Ordinary  naphthas,  the  specific  gravities  of  which  range 
from  0.72  to  0.75,  are  used  for  lighting  purposes,  and  as  solvents 
and  cleansing  agents. 

3.  The  burning  or  lamp  oUs  are  transparent  and  nearly  color- 
less. They  are  used  for  lamps  of  many  designs,  and  the  specific 
gravities  vary  from  0.78  to  0.83.  The  following  are  the  flash- 
points of  the  principal  Scottish  burning  oils: 

Young's  "Crystal" ^ 128**F. 

Pumpherston  "Pearline" 126**F. 

Broxburn  "Petroline" 126**F.  }  All  of  ISc.p. 

Oakbank  "Kerosene" 126**F. 

Scottish  oils  have  been  free  from  lamp  accidents  since  their 
manufacture.  They  are  serviceable  for  continuous  burning 
lamps,  for  buoys  and  lightships,  and  may  be  used  for  combustion 
in  oil  engines. 

4.  Intermediate  Oils. — The  specific  gravity  of  these  oils 
varies  from  0.84  to  0.87,  and  the  flash-point  is  generally  greater 
than  150°F.  They  are  used  for  gas  making,  and  at  800°  to 
900°C.  a  good  Scottish  intermediate  oil  will  yield  1,200  c.p.  per 
gallon;  it  will  be  seen,  therefore,  that  the  gas  produced  is  of 
high  illuminating  power,  so  they  are  largely  used  for  enriching 
coal  and  water  gas  as  w*ell  as  for  combustion  in  oil  epgines. 

5.  Lubricating  Oils, — These  oils  are  made  with  a  speciflc 
gravity  varying  from  0.8G5  to  0.910,  and  are  employed  for  lu- 
bricating purposes,  either  alone  or  mixed  with  vegetable  or 
animal  oils.  It  is  claimed  that  shale  lubricating  oils  do  not 
decrease  so  rapidly  in  viscosity  by  heating  as  many  other  mineral 
lubricating  oils. 

6.  Paraffin  is  used  in  vast  quantities  for  candle-making,  also 
for  water-proofing,  metal  protection,  insulating  purposes,  and  a 
variety  of  well-known  uses.  The  usual  grades  of  Scottish  paraffin 
have  the  following  melting  points:  130°,  125°  to  127°,  118°  to 
120°,  and  110°  to  112°F. 


7.  Still  grease  is  the  amorphous  distillate  from  the  end  of  the 
crude  oil  and  heavy  oil  distillations.  It  is  employed  for  grease 
making. 

8.  Still  coke  is  the  residue  left  in  the  still  on  running  crude  oil 
to  dryness.  This  coke  represents,  in  the  case  of  the  best  crude 
oil,  about  3  to  4  per  cent,  of  the  oil;  but  in  the  case  of  the  less 
pure  oil,  or  where  the  distillation  has  not  l>een  properly  con- 
ducted, it  may  amount  to  8  to  10  per  cent,  of  the  crude  oil, 
it  is  used  in  residences  as  a  fuel,  as  a  smokeless  fuel  for  yachts, 
as  carbon  for  electrical  purposes,  and  fer  making  moulders' 
blacking. 

9.  Ammonium  sulphate  is  used  as  a  fertilizer  by  agriculturists; 
it  is  especially  useful  for  growing  sugar  beet.  Ammonium 
sulphate  solutions  have  also  found  application  in  the  preparation 
of  fire  extinguishers. 

10.  Liquid  Fuel.~The  acid  and  basic  tars  obtained  in  the 
refinery  are  used  as  liquid  fuel  for  the  stills,  together  with  the 
dregs  and  residues  unfit  for  other  purjjoses.  It  is  probable  that 
these  tars  would  be  valuable  as  wood  preservatives,  fluxes  for 
mineral  smelting,  and  for  coating  iron  pipes  to  prevent  the 
formation  of  rust.  The  crude  shale-oil  produced  in  Scotland, 
which  has  a  calorific  value  of  18,217  B.t.u,,  has  not  been  employed 
for  fuel  purposes,  although  some  experiments  were  conducted  at 
Woolwich  Dockyard  in  England  by  the  British  Admiralty  as 
early  as  1866,  with  the  view  of  testing  the  value  of  shale-oil  as  a 
substitute  for  coal  in  raising  steam  in  marine  boilers.* 

Profits   on   a   Ton  of  Shale.^ — In  1910,  the  average  cost  of 

mining  and  manufacturing  products  from  1  ton  of  shale  in  Scot- 

Ll&nd  was  given  as  8b.  3d.;  and  the  net  profit  on  the  products  of  a 

fton   of  shale   was  stated  to  be  33.  4d.     In  1882,  the  profit  on 

ton  of  shale  amounted  to  Ss.  7d.,  while  in  1897  the  profit 

was  2s. 

The  regulation  of  wages,  railway  rates,  and  market  prices  of 
the  various  products,  is  controlled  by  an  organization  composed 
Lof  representatives  of  the  various  Scottish  shale-oU  companies 
■■In  1887,  it  was  proposed  to  change  into  an  oil  syndicate  or  trust, 
I  but  this  was  never  effected.  Only  two  strikes  have  occurred  in 
tihe  hLstory  of  the  industry:  one  in  1887,  from  July  to  October,  and 
Janother  in  October,  1903. 


'  On  fuel  oil  from  shale,  see  Selwtn-Bhown,  Eng.  Mag-,  60  (l»ia),  913, 
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SHALE-OIL  INDUSTRIES  OF  OTHER  COUNTRIES 

The  oil-shales  in  the  Wolgan  and  Capertee  valleys,  New 
South  Wales,  Australia,  have  been  developed  by  the  Com- 
monwealth Oil  Corporation,  of  London.  About  20,000,000 
tons  of  oil-shale  have  been  proved  in  the  properties  of  this 
corporation,  and  there  are  presumably  30,000,000  tons  more. 
The  mines  and  works  are  located  at  Newnes,  Hartley  Vale, 
Torbane  and  Ultimo  Road,  all  in  New  South  Wales;  and  about 
sixty  products  are  manufactured  from  "kerosene  shale,"  which 
yileds  up  to  three  and  one-half  times  as  much  oil  as  the  Scottish 
shales.^ 

In  1900,  a  plant  was  erected  at  Orepuki,  New  Zealand,  for  the 
distillation  of  New  Zealand  shale  and  the  manufacture  of  products 

^  In  a  pamphlet  accompanying  the  New  South  Wales  exhibit  in  the  Franco- 
British  Exhibition,  London,  1908,  the  shale  being  from  the  Wolgan  and 
Capertee  valleys,  the  yield  of  gas  from  this  shale  was  stated  to  be  17.560 
cu.  ft.  per  ton,  with  an  illuminating  power  of  48.52  standard  candles.  The 
yield  of  crude  oil  was  said  to  be  101  gal.,  of  sp.  gr.  0.877.  The  resxilts  by 
fractionation  were  given  as  follows: 

Per  cent. 

Naphtha  (motor  spirit) 8.48 

Illuminating  oil 19 .  50 

Gas  oil 15.87 

Lubricating  oil 22 .  80 

Scale 6.42 

Ilosidue ^ 3.28 

Tar,  etc 24.65 

101.00 

On  the  oil-shale  industry  of  (Queensland,  see  I^all,  Queen.  Gov.  Min.  J., 
Dec.  15,  1915. 

*  A.  H.  (liiiFFiTiis  {('hem.  News,  49,  107)  reported  that  a  sample  of  paraffin 
shale  from  near  the  (lolahara  River  in  the  western  part  of  Serbia  yielded  on 
distillation  2  per  cent,  of  a  semi-solid  hydrocarbon,  similar  in  appearance 
to  ozokerite. 

'  See  DiNLOP,  Rept.  Dept.  Miws  N.  Z.,  1900,  C3,  52. 

«  The  oil-shales  of  New  South  Wales,  Australia,  liave  been  described  in  the 
following  contributions:  Clarke,  Quart.  J.  Gtol.  Soc.,  22,  439;  Greenwell 
and  Bi.WEY,  Trans,  Manch.  Geol.  Soc,  11,  63;  Andrae,  Verh.  nat.  Ver. 
Praiss.  RhdnL,  32,  Sitz.,  5;  Dawkinh,  Report  Brit.  Assn.,  1886,  643;  Skey, 
Annual  Report  Col.  Mu^.  Lab.  X.  Z.,  23,  50;  25,  56;  29,  19;  31,  10;  and 
Petri E,  /.  Soc.  Chem.  Ind,  24,  096. 

•  The  richest  Joadja  Creek  shales  contain  but  0.2S  per  cent,  nitrogen. 

^°  See  Woodruff  and  Day,  he.  cit.;  and  DeBequk,  Eng.  Min.  J.,  99,  773. 
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Tabl  e  LVI. — Yields  of  Scottish  and  Other  Shales 


Shale 


Scottish  shales 

Airdrie  shale 

Westfield  shale 

Monkland  shale 

Oakbank  wee  shale 

Oakbank  big  shale 

M'Lean  shale 

Lower  wild  shale 

Oakbank  new  shale 

Barracks  shale 

Dunnet  shale 

Pumpherston  No.  1' 

Pumpherston  No.  2 

Pumpherston  No.  3 

Pumpherston  No.  4 

Pumpherston  No.  5 

Raoburn  shale 

Mungle  shale 

Fells  shale 

Broxburn  gray  shale 

Broxburn  curly  shale 

Broxburn  scam  shale 

Other  shales 

New  Brunswick,  Canada,  shale 

Kimmoridge  shale,  Dorsetshire,  Kng.' 
Buxiciro-les-Mines  shale,  France*. . . . 

Alexinatz  shale,  Serbia' 

Orepuki  shale,  New  Zealand^ 

Hartley  seam  shale,  N.  S.  W.' 

Northwestern  Colorado  shale*® 


Yield  pel 

'  long  ton 

Crude  oil  in  gallons 

Ammonium  sulphate 
in  pounds 

33 

6 

25 

10 

32 

6 

36 

22 

■ 

38 

19 

21 

• 

19 

7-46 

14^-34 

18 

55 

17 

60 

20 

52-67 

20 

60 

18 

60 

55 

14 

35 

30 

26-40 

20-35 

20-33 

34r-41 

19-33 

11-38 

10-50 

.      7-40 

30-51 

67-111 

50-67 

38  (maximum) 

70-80* 

5-7» 

43-46 

20-40 

» •  • 

14,   60,    150 

Low* 

0.3-100 

0.4r-40 

*  In  the  works  retorts,  the  Pumpherston  shales  yield  on  the  average  20  gaL 
of  crude  oil  and  50  lb.  of  ammonium  sulphate  per  ton. 

*  In  this  connection,  see  Williams,  /.  Chem.  Soc.,  7,  97;  Phil,  Mag.^  (4), 
8,  209;  also.  Burton  Green's  "Kimmeridge  Shale;  Its  Origin,  History  and 
Uses,"  London,  1886. 

3  For  information  concerning  the  French  shale-oil  industry,  see  Magnier's 
''Nouvcau  Manuel,"  Paris,  1867;  Chesneau,  Ann.  Mines,  (9),  3,  617; 
MiRON,  ''Les  Huiles  MiniSrales,"  Paris,  1807;  and  Bertrand,  Compt,  rend.^ 
126,  1677. 

*  Liters  per  1,000  kg. 

*  Kilograms  per  1,000  kg. 


844  THE  AMERICAN  PETROLEUM  INDUSTRY 

therefrom.  The  low-grade  shale  and  high  development  charges 
resulted  in  this  company  discontinuing  its  work.  Oil-shales 
also  occur  in  Gaspe,  New  Brunswick,  and  Nova  Scotia,  Canada; 
in  the  Ronda  district  in  southern  Spain;  in  Tasmania;  in  Austria- 
Hungary;  in  the  Machada  plain,  Turkey;  in  South  Africa,  and  in 
Gasa  Land,  Mozambique,  and  Orange  River  Colony,  Africa;* 
on  the  coast  of  Brazil ;2  in  Natal;*  and  in  Italy.*  The  brown-coal 
tar  industry  of  Saxony,  Germany,  resembles  the  shale-oil  industry 
in  the  methods  used  in  the  distillation  of  the  lignite,  but  is  in 
reality  a  separate  industry.'  Pyropissite,  which  affords  62  per 
cent,  of  paraffin  on  dry  distillation,  was  at  one  time  distilled  in 
Saxony. 

^  On  oil-ehale  prospects  in  South  Africa,* see  Ceiaio,  Board  of  Trade  /., 
Mar.  19,  1914. 

'Concerning  the  oil  shales  of  Brazil,  see  Cameron's  ''The  Bituminous 
Deposits  of  the  Camamu  Basin,  Province  of  Bahia,  in  the  Brazilian  Empire," 
London,  1884;  and  Branner,  Trans,  Am,  Inst,  Min,  Eng,^  30  (1901),  537. 
A  plant  capable  of  retorting  50  tons  of  shale  per  day  was  erected  ten 
ycwtrs  ago  in  Brazil,  but  was  unsuccessful. 

■  DuNSTAN,  Bull,  Imp,  Inst.,  1903,  i,  74. 

*  MuRRiE,  J.  Soc,  Chem,  Ind.,  4,  182;  and  Pulle,  Ind,  Mm,  min,  e  met,, 
2  (1915),  209. 

*  See  ScHADLER*8  "Technologie  der  Fette  und  Oele,"  Leipzig,  1883; 
ScHULTz's  "Die  Chemio  des  Steinkohlonthecrs,"  Braunschweig,  1890; 
Lunge's  "Die  Industrie  dos  Steinkohlentheers  und  Ammoniaks/*  Braun- 
schweig, 1900;  Grape's  *'Laboratoriumsbuch  fiir  die  Braunkohlenteer- 
Industrie,"  1908;  and  Scheithauer-Salter's  ''Shale  Oils  and  Tars  and 
their  Products,"  1913. 


CHAPTER  XVIII 
A  GLOSSARY  OF  BITUMENOLOGY 

The  glossary  presented  id  tJiis  chapter  contains  a  list  of  the 
important  bituminous  minerals  and  products,  including  oxy- 
genated hydrocarbons;  the  terms  used  in  naphthology,  and  the 
available  trade-names  of  the  products  of  petroleum.  Biliho- 
graphic  data  have  been  included  in  connection  with  the  definition 
of  many  of  the  subjects. 

In  collating  the  terms  and  definitions  the  authors  have  drawn 
from  all  available  sources  of  information  and  from  their  own 
experience.  Generally  speaking,  no  attempt  has  been  made 
to  uniformize  terms  which  are  variously  defined,  for  such  stand- 
ardization is  rather  the  work  of  a  body  of  experts. 

Acetaldehyde  in  Petroleum  Products. — On  the  occurrence  of  acet- 
aldehyiJc  in  petroleum  products,  st-e  Robinson,  J.  Sue.  Chem.  Ind.,  18 
(ISt)'/),  232. 

Acetone  from  Lubricating  Oils.— On  the  preparation  of  ncetnne  from 
lubric;itins  oils,  see  Gdiselin,  Compt.  rend.  Cong,  intern.  P&role,  aeti. 
3,2  (1910),  561. 

Add  Tai.— See  pages  480,  579  and  841. 

Adeps  Petrolei. — See  Pdrolatum. 

"Adepsine  Oil." — A  name  for  liquid  petrolatum,  q.v. 

"Ader  Wax." — Crude  ozokerite  {q.v.)  in  leafy  masses. 

Adipic  Acid  from  Naphtha. — On  the  formation  of  adipic  acid  from 
the  naphtha  fraction  of  Russian  petroleum  ether  which  boils,  at  SO^C, 
see  AscHAN,  litr.,  32  (189ft),  1769;  and  cf.  page  SOS. 

Adipocerite. — A  synonym  for  kalcheUite,  q.v. 

Aerogene  Gas, — The  gas  produced  by  the  system  of  carliureting  air 
devised  hy  van  Vriesland,  This  system  is  installed  at  Breukelen, 
Holland,  for  both  street-  and  house-lighting. 

AeroplaneOiL — One  grade  is  a  white,  straight-reduced  viscous  neutral 
oil  having  a  gravity  of  32Ji''  to  3i'&6.,  a  flash-pomt  of  415°F.,  a  fire 
test  of  JSCF.,  a  cold  test  of  20''F.,  and  a  viscosity  of  185  to  200,  Saybolt. 

Aggregate. — The  mineral  material,  such  as  sand,  gravel,  shells,  slag, 
or  broken  stone,  or  combinations  thereof,  with  which  cement  or  bitumi- 
nous material  is  mixed  to  form  a  mortar  or  concrete.  "Fine  aggregate" 
may  be  considered  as  the  mineral  inert  materia!  which  will  pass  a  K-'U- 
screen,  and  "coarse  a^regate".  the  material  which  will  not  pass  a 
Ji-iu.  screen. 
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Air  Compressor  OiL — See  Compressor  Oil. 

Ajkite. — ^A  resin  related  to  succinite,  from  Ajka,  Hungary  (Byll,  So€, 
Mm.,  1  (1878),  126).     See  SuccinUe. 

Albertite. — A  jet-black,  pitch-like,  brittle  hydrocarbon  possessing  a 
conchoidal  fracture  and  a  specific  gravity  of  about  1.1.  It  differs  from 
ordinary  asphalt  in  being  only  partly  (about  30  per  cent.)  soluble  in 
turpentine  and  in  being  only  imperfectly  fused  when  heated. 

On  the  history  of  albertite,  see  Milner,  /.  Aftn.  Soc,  Nova  Scotia, 
17  (1912),  62. 

"Albolene." — ^A  proprietary  brand  of  Petrolatum  (White),  ''Liquid 
Aibolene ''  is  identical  with  the  product  described  as  Petrolatum  (Liquid), 

Alezjejevite. — ^A  resin  from  the  Kaluga  Government,  Russia  (Alex- 
lEEV,  Verhaiidl  Min.  Ges.  St.  Pet.,  29  (1893),  201;  Karnojitskt,  Z. 
KrysL,  24  (1895),  504). 

Algal  Wax. — ^Algal  wax  and  its  relationship  to  petroleum  has  been 
discussed  by  Waters  in  Am.  Chem.  J.,  28  (1902),  78. 

Aliphatic  Hydrocarbons  from  Polymethylenes. — ^According  to  French 
Patent  462073,  Sept.  2,  1913,  of  the  Steaua  Romana  Petroleum- 
Ges.  m.  b.  H.,  polymethylenes  or  mixtures  containing  polymethylenes, 
particularly  petroleum  residuum  or  mineral  oils  of  high  boiling  point, 
are  subjected  to  destructive  distillation,  and  the  products  are  converted 
into  saturated  hydrocarbons  by  treatment  with  hydrogen  in  the  presence 
of  a  suitable  catalytic  agent. 

Alkaloid  Bases  in  Petroleum  and  Paraffin. — On  the  occurrence  of 
alkaloid  bases  in  CTaliciiUi  petroleum,  see  Bandrowski,  Monaish.  Chcm., 
8  (18S7),  224;  and  on  the  occurrence  of  these  bases  in  paraffin  oil,  see 
Wellkk,  Brr.j  20  (1S.S7),  2007. 

Allingite. — A  fossil  resin  from  Switzerland;  it  is  related  to  succinite 
(AwENG,  Arch.  Fharm.,  232  (1894);  Jahrb.  Min.,  2  (1890),  254).  See 
Succinite. 

"Amalie." — A  proprietary  name  for  liquid  petrolatum,  q.v. 

Amber. — See  Succinite. 

Ambrite. — An  amorphous,  greasy,  yellowish  gray  oxygenated  hydro- 
carbon which  occurs  in  masses  in  Auckland,  New  Zealand;  it  is  insoluble 
in  ether,  iM^nzene  and  (jliloroform  (Hochstetter  and  v.  Hauer,  Ver- 
handl.  Genl.  Reichs.,  1861,  4). 

Ambrosine. — A  yellowish  to  clove-brown  resin  found  in  the  phos- 
phatic  beds  near  Charleston,  S.  C. ;  it  may  be  a  modern  resin  which  has 
been  subjected  to  the  action  of  salt  water  (Shepard,  Rural  Carolinian, 
1,  311). 

American  Paraffin  Oil. — An  English  t(Tni  for  kerosene  of  American 
origin. 

Ammonia  Oil. — An  oil  suitai)le  for  the  lubrication  of  the  cylinders  of 
ammonia  compressors.    Low  cold  test  is  essential  for  this  purpose. 
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Amyl  Hydride. — This  fraction  in  the  distillation  of  petroleum  was 
introduced  as  an  anesthetic  by  J.  Bioelow  and  B.  W.  Richardson  in 
1S67  (see  Sn.  Am.  Suppt.,  No.  616,  8227). 

Amliae-Toluidine  Oil  from  Naphtha. — Ooloblin  has  discussed  ani- 
line-toliiidine  oil  from  Caucasian  naphtha  in  J.  Ru*».  Pkys.-Chem.  Soe., 
36  Cl'.»04),  680. 

Anthradde. — On  anthracide,  see  Bobickt,  Site.  A'.  65/im,  Cm,  Wigs., 
1873,  2;  aud  Eichleiter,  Verk.  K.-K.  Geol.  Reichs.,  18B9,  348, 

Anthraconite.^The  name  given  to  varieties  of  calcite  which  are 
darkly  colored  by  the  presence  of  carbonaceous  matter. 

On  the  nature  of  anthraconite,  see  Sket,  Trans.  New  Zealand  Inst., 
25  (1895),  379. 

Antbracoxenite. — This  ia  obtained  as  a  black  powder  from  a  rewnoid 
material  from  the  coal  beds  of  Brandeisl,  near  Schlan  in  Bohemia. 
The  resin  is  treated  with  ether:  scManile  dissolves,  while  the  insoluble 
portion  constitutes  anthracoxenite  (Reubs,  Ber.  Akad.  Wien,  21  (1856), 
2-1;  /.  prakt.  Chem.,  69,  428). 

Anthrazolite. — Anthraxolite,  or  anthracitic  carbon,  has  been  described 
by  CoLEM.\N  and  Eiua  in  Rept.  Bw.  Mines  Ont.,  1896,  6,  159.  It  is 
a  black  combustible  coal-like  substance  of  varying  composition,  occur- 
ring in  Ontario  and  Quebec. 

Anytin. — See  Anylohs. 

Anytoles. — Theie  are  proprietary  preparations  in  which  Bubstances 
like  phenol,  cresol,  volatile  oils,  camphors,  etc.,  are  dissolved  in  water 
by  means  of  atiytin,  a  substance  formed  by  the  action  of  sulphuric  acid 
on  various  mineral  oils,  resin  oils,  and  hydrocarbons.  The  ammonia 
salt  of  the  hydrocarbons,  containing  10  per  cent,  of  chemically  combined 
sulphur,  has  been  found  the  most  useful  solvent.  The  foUowing  are 
some  of  the  anytoles  which  have  been  prepared:  phenolanyloU,  eresol- 
anytole,  meta-eresol-anytole,  creomU^anytole,  gvaiacol-anytoU',  bemerie- 
anylole,  evcalypUd-anj/loU,  peppermiiU-anytoh,  winUrgreeii-anyloU,  lur- 
pentine^nyloU;,  camphnr-anylole,  and  iodine-anylole — all  containing  a 
good  proportion  of  the  active  ingredient.  It  has  been  claimed  for  these 
anytoles  that  they  are  superior  in  bactericidal  power  to  the  disinfecting 
substances  they  contain.  Wilhelm  Koeijier  has  strongly  commended 
meta-cresol-anytole  in  the  treatment  of  erysipelas. 

Aragotite. — ^A  volatile  hydrocarbon,  said  to  be  related  to  idrialite;  it 
occurs  at  the  New  Almaden  and  Redington  mines,  Cal.,  in  bright  yellow 
scales  (DoRAND,  Proe.  Acad.  Cal.,  4  (1872),  218). 

Thb  rare  California  mineral  is  also  described  by  Hanks  in  /.  Roy. 
MUr.  Soc,  1905,  673. 

Aromatic  Hydrocarbons. — On  the  utiUzatJon  of  aromatic  hydrocar- 
l>on8  derived  from  cracked  petroleum,  see  Rittman,  J.  Ind.  Eng.  Chem., 
T(1915),  1014  and  1019. 

Artificial  Asphalts. — See  Aspkalt. 
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Artificial  Vaseline. — ^Another  name  for  Oerman  vaseline^  q,v. 

Asphalt  or  Asphaltum. — Folid  or  semi-solid  native  bitumen,  solid  or 
8emi*solid  bitumen  obtained  by  refining  petroleums,  or  solid  or  semi- 
solid bitumen  which  is  a  combination  of  the  bitumens  mentioned  -with 
petroleums  or  derivatives  thereof,  which  melts  on  the  application  of 
heat,  and  which  consists  of  a  mixture  of  hydrocarbons  and  their  deriva- 
tives of  complex  structure,  largely  cyclic  and  bridge  compounds. 

Asphalt  has  also  been  defined  as  a  dark-colored,  and  more  or  less 
viscous  to  solid  hydrocarbon  complex,  including:  (a)  the  easily  fusible 
bitumens  often  associated  with  a  mineral  matrix,  not  having  a  "waxy" 
luster  or  unctuous  feel;  (6)  fusible  residuums  obtained  from  the  distilla- 
tion, oxidation,  sulphurization,  etc.,  of  bitumens. 

(a)  Natural — ^resulting  from  a  slow  natural  process  of  metamorphosis, 
known  as  natural  asphalts  ("mineral  pitches"). 

1.  Occurring  in  a  fairly  pure  state. 

2.  Associated  with  a  mineral  matrix  (e.g.,  calcareous,  silicious  or 
earthy). 

(6)  Artificial — resulting  from  the  distillation,  oxidation,  etc.,  of 
mineral  oils;  known  as  petroleum  asphalt  ("petroleum  pitches"). 

1.  Straight  petroleum  asphalt. 

2.  Cut  back. 

3.  Blown  (oxidized)  petroleum  asphalt. 

4.  Dubbs'  (sulphurized)  petroleum  asphalt. 

On  the  nature  and  origin  of  asphalt,  see  Richardson,  J.  Soc.  Chem. 
Ind.y  17  (1S98),  13.  On  the  differentiation  of  natural  and  artificial 
asphalts,  see  Makcusson,  Mitt.  K.  Materialpruf.y  32  (1914),  419. 

See  Alhertite^  Elaterite,  Gilsonite,  Grahamitey  Impsonite,  Nigrite,  and 
Wurtziliie. 

Asphalt-Base  Petroleimi. — Asphalt-base  oils  contain  asphalt  and  no 
paraffin.  TIk^v  are  distilled  to  asphalt  and  the  distillates  are  cut  accord- 
ing to  gravity;  such  oils  do  not  jdeld  steam-refined  cylinder  stock  or 
paraffin  wax. 

See  Paraffin' Asphalt  Petroleum. 

Asphalt  Block  Pavement — One  having  a  wearing  course  of  previously 
prepared  blocks  of  asphaltic  concrete. 

Asphalt  Cement. — A  fluxed  or  unfluxed  asphaltic  material,  especially 
prepared  as  to  quality  and  consistency,  suitable  for  direct  use  in  the 
manufacture  of  asphaltic  pavements,  and  ha\dng  a  penetration  of  be- 
tween 5  and  250.     See  Flux. 

Asphalt-Rock. — The  name  applied  to  a  stratum  of  sandstone  or  lime- 
stone when  more  or  less  saturated  with  asphalt. 

Asphalt  Substitutes. — See  artificial  asi)halts,  referred  to  under 
Asphalt. 

Asphaltenes. — The  components  of  the  bitumen  in  petroleum,  petro- 
leum products,  malthas,  asphalt  cements,  and  solid  native  bitumens, 
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which  are  soluble  in  oarbon  disulphjde,  but  insoluble  in  naphtha  (petro- 
leum spirit).     See  Petrolfne, 

Coticerning  aaphaltene,  Bee  Peckham,  J.  Frank.  ItisL,  161  (IftOl),  50. 

Asphaltic. — Similar  to,  or  essentially  composed  of,  asphalt. 

Asptialtic  Fluxes. — The  asphaltic  fluxes  are  differentiated  from  paraf- 
fin fluxes  and  semi-asphaltic  fluxes  by  a  still  greater  density,  nearly  that 
of  water,  by  the  absence  of  hard  paraiBn  scale,  and  by  the  fact  that  the 
unsaturated  hydrocarbons  predominate.  They  yieJd  a  larger  amount  of 
ash-free  residual  coke  on  ignition  than  other  fluxes.  Those  from  Cali- 
fornia petroleum  contain  less  sulphur  than  that  produced  from  Trinidad 
oil. 

See  Paraffin  Fbixes,  Semi-A  spkaUic  Fluxes  and  Mexican  Fluxes. 

Asphaltite. — A  dark  colored,  solid,  difficultly  fusible,  naturally  occur- 
ring hydrocarbon  complex,  insoluble  in  water,  but  more  or  less  completely 
soluble  in  carbon  disulphide,  benzol,  etc.  On  asphaltite  in  northeastern 
Nevada,  see  Asderson,  BuU.  U.  S.  Qeol.  Survey,  No.  880,  283. 

Asphaltum.^^ee    Asphalt, 

Astatki. — See  Oslalki. 

Astraline, — A  Russian  petroleum  product  possessing  the  apecific 
gravity  0.850-0.860,  a  flash-point  not  less  than  SO^C.  (122°?,),  and  a  pale 
yellowish  color. 

"Atoleine." — X  name  for  liquid  petrolatum,  q.v. 

"AtoUn." — A  name  tor  liquid  petrolatum,  q.e. 

Automobile  Oils. — The  following  viscous  neutral  oils  are  in  use  in  the 
cylinders  of  gnHoline  cars: 


G..VU. 

nuh^nDiiit 

Fi„t«t 

Cu1d.», 

Snybglt  vlicoetty 

30.5'B6. 

415'F. 

480°F. 

20-F. 

21S 

31,0° 

416° 

480° 

20» 

210 

32.0° 

400- 

460= 

20- 

145 

33 -O" 

416° 

480° 

20" 

200 

On  automobile  oils,  see  Cableb,  Bull.  soc.  chim.,  (4),  7  (1910),  589; 
and  Waters,  J.  Ind.  Eng.  Chem.,  B  (1916),  587. 

A  prominent  producer  has  supplied  the  following  information: 

"Light"  automobile  cylinder  oU  is  a  light  bodied  oil,  possessing  a 
gravity  of  30°IW.,  a  fire  test  of  475°F.,  and  a  Saybolt  viscosity  of  210. 
It  is  pale  in  color  and  runs  freely  at  IST.  It  is  recommended  for  use  in 
cylinders  of  water-cooled  gasoline  cars. 

"Medium"  automobile  cj'linder  oil  possesaea  a  gravity  of  29.5°Bfi., 
a  fire  test  of  480°F.,  and  a  Saybolt  viscosity  of  265.  It  is  pale  in  color 
and  runs  freely  at  15°F.  It  is  recommended  for  use  in  the  cylinders  of 
air-  or  wate^cooled  gasoline  automobiles. 

"Heavy"  cylinder  oil  is  a  very  thick  and  viscous  oil  possessing  a 
gravity  of  29.2°B6.,  a  fire  teat  of  485^.,  and  a  Saybolt  viscosity  of  310. 
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It  is  pale  in  cobr  and  ruiui  f redy  at  16^.  Itisreoommttided  fomaejn 
gasoline  can  where  the  cylinden  have  become  wwn  and  run  very  hot;  its 
use  is  also  recommended  in  motor  cydes  and  motor  boats. 

Automobile  Tranamisrioii  Gear  OIL— A  cylinder  stock  having  i^ 
gravity  of  26*^86.  and  a  viscosity  of  246  is  recommended  for  automolMle 
transmissions. 

Ada  OIL — ^Blaek  lubricating  cilsy  especially  9un^mer  Hack  cU,  are 
said  to  be  satisfactory  for  aade  lubrication; 

Balkerinite.— A  thick  tar4ike  fluid  at  16*^.  which  constitutes  32.61 
per  cent,  of  baikeriie. 

Balkefite.— rA  wax-like  mixture  from  seams  in  a  rock  in  the  vidnity 
of  Lake  Baikal;  it  is  apparently  about  00  pw  cent,  osokerite. 

Baikerite  has  been  described  by  Hbrmann,  BtdL  8oe.  Imp.  Nat.  Mobc^ 
80  (1857),  470;  and  by  Schbodsb,  VerK  k  nm.  mm.  Gm.,  (2),  86 
(189S),  36. 

Bakuin. — A  Russian  machine  oil,  prepared  from  Baku  petroleum; 
it  has  been  recommended  for  lubricating  heavy  machinery  because  of 
its  high  viscosity  and  great  power  ot  resisting  cold  (/•  Soe.  Chenu  Ind.^ 
.8,  181). 

BakuoL— A  name  given  by  MENDXiisrr  (Z.  Teeknikt  1886,  No.  100; 
Chem,'Ztg.,  1888,  231)  to  an  IQuminating  oil,  i»epared  from  the  oils  of 
Baku  by  mixing  ordinary  kerosene  of  the  specific  gravity  0.82  to  0^ 
and  flash-point  20^  to  30^0.,  with  the  so-called  intermediate  oil,  which 
possesses  a  specific  gravity  of  0.86  to  0.88  and  is  not  inflammable  at  100° 
C.  The  mixture  has  a  specific  gravity  of  0.84  to  0.86  and  flashes  at  50° 
to  70°C. 

Bakurin. — ^A  lubricating  oil,  prepared  by  mixing  100  parts  of  crude 
Baku  petroleum  with  25  parts  of  castor  oil  and  60  to  70  parts  of  66°B^. 
sulphuric  acid.  After  standing,  the  mixture  is  agitated  with  water, 
which  is  then  run  off,  and  the  oil  is  treated  with  either  sodium  or  potas- 
sium hydroxide  (Muller,  German  Patent  35141;  Dinglefs  polyt.  J., 
260,  240). 

"BakuroL" — A  name  for  liquid  petrolatum,  q,v. 

Barbados  Bitumen. — Concerning  this  bitumen,  see  Dubois,  Z.  prakt. 
Geol,  7 (1899),  397;Emtage,  J. Soc,  Arts,  52 (1904), 367; and  JIbhwagen, 
Berg-HUtt.  Ztg,,  60  (1901),  467.    See  Asphalt, 

"Barbados  Tar." — ^The  dark  green  or  black  petroleum  of  Barbados, 
which  was  formerly  widely  used  in  medicine  (James*  "Medicinal  Diction- 
ary," 1745). 

Barnstaple  Oil-Shale. — The  occurrence  of  mineral  oil  in  Upper 
Devonian  shale  at  Barnstaple,  England,  has  been  described  by  Hall  in 
Trans.  Devon,  Assn.,  6  (1874),  part  li,  547. 

Barracks  Shale. — One  of  the  principal  oil-shale  seams  of  Scotland. 
See  page  813. 

Base. — The  artificial  foundation  of  a  pavement. 
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Bases  in  Petroleum. — On  the  pyridine  bases  in  petroleum,  see 
Zaloziecki,  Moncdsh.  Chem.,  13  (1892),  4yS.     See  also  page  7. 

Batching  OiL^A  non-viscous  neutral  oil  of,  preferably,  34'B^.  and 
having  a  viscosity  of  80,  Saybolt. 

Bathvillite.— :An  amorphous,  fawn-brown,  opaque,  very  friable  osy- 
genated  hydrocarbon  from  Torbane  Hill,  Scotland;  it  is  insoluble  in 
benzol  and  is  related  to  TorbanehiU  mineral  {.q.o.).  It  is  described 
by  Williams  in  Ctiem.  News,  7  (1863),  133. 

Benzine. — That  fraction  of  b.p.  70°-120''C.  obtained  in  the  refining 
of  petroleum.  Heptane  {C^Hn)  is  the  principal  constituent  of  the  ben- 
zine from  Pennsylvania  oil.  Totally  distinct  from  the  aromatic  hydro- 
carlKin  bentene,  CiH,. 

Deodorized  benzine,  the  light  solvent  of  the  "U.  S.  Pharmaoopceia," 
has  a  specific  gravity  of  0.638-0.660  at  25°  (S2°-S9''B6.)  and  a  b.p. 
of  45-60°C,  The  benzine  of  some  American  refiners^that  used  in  the 
oilcloth  and  vaniish  industries — has  a  specific  gravity  of  0.720  (62''B6.); 
of  others,  0.741-O.745.  See  pages  459,  465,  467,  471,  481,  489,  and 
503  for  full  information  regarding  the  production  and  grades  of  benzine. 
Cf,  gasoline  and  naphtha. 

Benzine,  Heavy. — See  Ligroin. 

"Beiizine-Naptitli&." — A  naphtha  hoving  a  gravity  of  70''B6.  It  is 
made  by  treating  and  redistilling  crude. naphtha  of  the  gravity  80°  to 
08°Ii6.  ' 

Benzinum. — Benzinum  is  thus  described  in  the  "United  States 
Pharinacopteia :"  "A  distillate  from  American  petroleum  consisting  of 
hydrocarbons  chiefly  of  the  marsh-gas  series." 

This  useful  product  of  petroleum  was  first  introduced  into  the  "United 
States  Pharmacopceia,"  1880;  it  is  obtained  in  the  process  of  purifying 
petroleum  by  fractional  distillation,  and  it  is  defined  in  the  "Pharmaco- 
pceia" as  a  transparent,  colorless,  diffusive  liquid,  of  a  strong,  char- 
aeteristic  odor,  slightly  resembling  that  of  petroleum,  but  much  less 
disagreeable,  and  having  a  neutral  reaction.  Petroleum  benzine  is  highly 
inflammable,  and  its  vapor,  when  mixed  with  air  and  ignited,  explodes 
violently.  Specific  grjivity,  0.638  to  0.600  at  25°C.  (77°?.).  Insolu- 
ble in  water;  soluble  in  about  6  parts  of  alcohol,  and  readily  soluble  in 
ether,  chloroform,  benzene,  volatile  oils,  and  fixed  oils,  with  the  exceotion 
of  castor  oil.     Boiling  point,  45°  to  60°C.  (113°  to  140°F.). 

Benzinum  Puiificatum. — Purified  petroleum  benzine  was  introduced 
into  the  8th  revision  of  the  "United  States  Pharmacopoeia;"  it  1b  used 
mainly  as  a  solvent. "  The  official  method  of  purification  is  based  upon 
a  process  devised  by  Bekinoek  (.4m.  J.  Fharm.,  1890],  which  is  intended 
to  remove  sulphur  compounds  and  other  impurities;  this  method  is  as 
follows:  60  c.c.  of  sulphuric  acid  are  added  to  550  c.c.  of  water;  and  when 
the  mixture  has  become  cold,  it  is  poured  into  a  bottle  having  the  capac- 
ity of  about  2  liters.    Eight  grams  of  potassium  permanganate  are  then 


862  THB  AMBEICAK  PBTSOUBUM  INDUSTRY 

added  and  the  mixture  is  agitated  until  the  salt  is  diwcilved;  1  liter  cf 
petroleum  bensine  is  then  added  in  four  poiiians,  shaking  the  Kqni^ 
each  addition.  After  allowing  the  Uquids  to  remain  in  oontaot  for  34 
hr.y  Bhaking  the  bottle  at  frequent  intervabi  tiie  petndetiia  Iwoaine  m 
decanted  into  another  bottle  of  the  same  oapaoity.  It  is  then  miiBd 
and  agitated  frequently  during  serarsl  hours  with  a  solution  of  2  grams 
of  potassium  permanganate  in  240  c.e.  of  water,  in  whieh  2  grams  of 
sodium  hy(£rozide  have  proviously  been  dissdved;  foDowing  this  treat* 
menty  the  bensine  is  decantedi  the  washing  with  water  is  repeated,  and 
the  purified  petroleum  bensine  is  again  decanted. 

BenzoHne. — The  more  volatile  portion  obtained  on  redistilling  ben- 
sine;  b.p.y  about  W-^S^G,    Often  used  as  synonymoiM  with  biisMs. 

BerengeUte. — A  dark  brown,  resinous,  asphalt4ike  mineral,  aolafals 
in  cold  alcohol  but  nearly  insoluble  in  potassium  hydroxide^  found  near 
Arica,  Peru  (Johnston,  PhU.  Mag.,  (2),  18  (1838),  329). 

Beimodez  Asphalt — ^Refined  Bermudes  asphalt  has  a  specific  gravity 
of  1.071  at  60^F.;  it  contains  97.22  per  cent,  of  bitumen  soluble  in  carbon 
disulphide,  1.50  per  cent,  of  ash,  1.28  pest  cent,  of  non-bituminous  organie 
matter;  and  it  possesses  a  softening  point  of  113^.  and  a  flowing  pewit 
of  160**P. 

On  this  asphalt,  see  fiep<.  Operdt,  Sng.  Dept.  D.  C,  189^  143;  and 
Richardson,  Pap.  Sci.  Mon,,  81  (1912),  19. 

Beta-Jaulingite. — ^A  brownish  yellow  resin,  obtained  from  the  residue 
of  javUngUe,  after  treatment  with  carbon  disulphide,  by  the  action  of 
ethyl  ether. 

Bielzite. — ^A  brittle,  resinous,  brownish  black  mineral  from  Transyl- 
vania; it  has  a  specific  gravity  of  1.249,  and  dissolves  in  considerable 
part  in  carbon  disulphide  and  chloroform.  It  has  been  described  by 
Benko  and  Jahn  in  Z.  Kryatal,,  13  (1887),  68;  Orv.-term.  Tud.  Eri., 
1886,  159. 

Binder. — (1)  A  foreign  or  fine  material  introduced  into  the  mineral 
portion  of  the  wearing  surface  of  a  pavement  for  the  purpose  of  assisting 
the  road  metal  to  retain  its  integrity  under  stress,  as  well  as,  perhaps, 
to  aid  in  its  first  construction.  (2)  The  course,  in  a  sheet-asphalt  pave- 
ment, frequently  used  between  the  concrete  foundation  and  the  sheet- 
asphalt  mixture  of  graded  sand  and  asphalt  cement. 

Binding  Coals. — Coals  which  cake  on  burning. 

Birmite. — See  Burmite. 

Bitter-Almond  Oil,  Artificial. — Waoner  has  described  the  prepara- 
tion of  artificial  bitter-almond  oil  from  petroleunrin  Dingler's  polyt,  J., 
136  (1855),  311. 

Bitumen. — A  mixture  of  native  or  p3rrogenous  hydrocarbons  and  their 
non-metallic  derivatives,  which  may  be  gases,  liquids,  viscous  liquids, 
or  solids,  and  which  are  soluble  in  carbon  disulphide. 

Bitumen  is  also  defined  as  a  naturally  occurring  hydrocarbon  com* 
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plex,  often  associated  with  a  mineral  matrix,  insoluble  in  water,  but 
largely  soluble  in  carbon  disulphide,  benzol,  etc.  Its  color  and  hardness 
arc  viiriabie.     On  bitumen,  see  Min.  Ind.,  26,  60. 

Bitumen  from  Bovey.^5ee  Retinasphallum. 

Bituminous  Bouod. — Bonded  with  the  aid  of  bituminous  material. 
See  Bond. 

Bitiuninous  Cement. — A  bituminous  material  suitable  for  use  as  a 
binder,  having  cementing  qualities  which  are  dependent  mainly  on  its 
bituminous  character. 

Bituminous  Concrete  Pavement.— A  pavement,  composed  of  stone, 
gravel,  sand,  shell  or  slag,  or  combinations  thereof,  and  bituminous 
materials,  incorporated  together  by  mixing  methods. 

Bituminous  Macadam  Pavement.— A  pavement,  having  a  wearing 
course  of  macadam, ,  with  the  interstices  filled  by  penetration  methods 
with  a  bituminous  binder. 

Bituminous  Materials. — Materials  containing  bitumen  as  an  essential 
constituent.  In  the  broad  sense,  the  term  "bituminous  materials"  ap- 
plies to  materials  containing  mixtures  of  native  or  pyrogenoua  hydro-" 
carbons  and  their  non-metallic  derivatives,  which  may  be  gases,  liquids, 
viscous  liquids,  or  solids,  and  which  are  soluble  in  carbon  disulphide. 
This  definition  is  still  a  matter  of  controversy,  but  has  the  sanction  of 
technical  use.  It  is  usually  limited  to  the  plastic  materials  derived 
from  natural  asphalts,  from  oxidized  petroleums,  and  from  the  tars  and 
pitches  obtained  from  the  destructive  distillation  of  coal,  mineral  oil, 
etc.  Thesematerialsmay  be  broadly  classified  as  natural  asphalts,  prod- 
ucts of  destructive  distillation,  and  oxidized  petroleum  products.  The 
natural  asphalts  range  from  the  light  fluid  malthas  consisting  of  an 
asphaltio  base  and  a  light  volatile  hydrocarbon,  to  the  hard  solid  asphalts 
of  the  gilsouilc  type.  See  Abkaham's  "Asphalts  and  Allied  Suljstances," 
1&17. 

The  tars  and  pitches  may  be  obtained  na  the  by-products  in  the  manu- 
facture of  coal  gas,  water  gas,  oil  gas,  coke,  or  in  any  process  where 
carbonaceous  matter  is  burned  with  a  limited  supply  of  air. 

The  oxidized  petroleums  are  obtained  by  blowing  air  through  usually 
heavy  petroleum  residues  at  elevated  temperatures.  The  changes  pro- 
duced are  complex;  but,  in  brief,  part  of  the  hydrogen  present  in  the  oil 
combines  with  the  oxygen  contained  in  the  air  and  passes  off  as  water 
vapor  or  steam,  so  that  the  per  cent,  of  carbon  is  increased.  The  phys- 
ical character  of  the  oil  is  changed  from  a  viscous  liquid  to  a  more  or  less 
rubber-like  solid. 

All  of  these  materials  vary  to  such  an  extent  with  their  origin ,<treat- 
meut,  method  of  refining,  and  final  blending  that  a  classification  based 
either  on  oripn,  method  of  production  or  subsequent  treatment  is  im- 
practicable. This  is  due  in  part  to  the  fact  that  very  few  asphalts  are 
used  in  their  natural  condition ;  they  are  treated  in  a  variety  of  ways  and 
blended  with  other  materials  to  modify  their  original  character.     The 
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harder  asphalts  are  fluxed  with  petioleum  oOs  so  as  to  make  them  man 
plastioi  while  the  more  fluid  are  frequently  heatecl  so  as  to  driiFv  off  the 
more  yolatOe  products.  The  artificial  asphaltSi  obtained  hj  ondation 
of  petroleum  residues,  may  be  modified  in  the  same  maaner,  while  the 
tars  and  pitches  vary  with  their  sourooy  method  of  produotioiiy  and  mb- 
sequent  treatment. 

Bitumfooaa  PaiFemeaiit>— One  oomposed  of  stone,  gravel,  sand|  At^ 
or  slag,  or  combinations  therecrf,  and  bituminous  matvials,  inoorporated 
together. 

BItamlnous  Sand.— On  the  vast  resources  of  bituminous  ('WO  sand  in 
northern  Alberts^  Ganada,  see  tte^,  881|  Uifm  Branch,  Canada  DgpL  qf 
MitiM. 

Bltnminona  Shales.— Argillaceous  shsles  much  impregnated  with 
Utumen;  or  shales  containing  kerogen  {q.v,).    See  Shale  OiL 

Bituminous  Substance. — ^A  term  applied  to  (a)  substancte  containing 
bitumens  or  pyro-bitumens;  (6)  substances  resembling  either  the  visoous 
or  solid  bitumens,  or  pyro-bitumens  in  their  sdubQity  and  physical 
'properties,  i.e.,  having  an  amorphous  structure  and  dark  color  in  maas. 
See  BUumifums  Materiah. 

Bituminous  Suiface. — ^In  paving,  a  superficial  coat  of  bituminous 
material,  with  or  without  the  addition  of  stone  or  slag  chips,  gravti, 
sand,  or  material  of  similar  character. 

Bitusol. — Trinidad  asphalt  is  said  to  be  a  true  bitusol — ^that  is  to  say, 
dispersed  solid  colloids  in  solution  in  bitumen.  See  Pierce,  Met.  Chem. 
Eng.,  IS  (1915),  697. 

*'Black  Oils." — ^Black  oils  may  be  either  residues  from  petroleum  or 
from  its  distillates.  They  vary  widely  in  character  and  are  used  as 
cheap  lubricants,  on  car  wheels  and  on  other  places  where  the  higher 
refined  oils  are  not  necessary.  Two  "black  oils"  from  Pennsylvania 
petroleum  had  these  properties:  gravity,  23°  and  26°  B4.;  flash  point, 
450°  and  365°F.;  fire  test,  530°  and  425°F.;  Saybolt  viscosity,  84  at 
212°F.  and  50  at  212°F. 

"Blaes." — In  Scotland,  the  brownish  oil-shales  are  interstratified 
with  non-bituminous  or  less  bituminous  beds,  sometimes  of  a  bluish  gray 
color;  these  are  termed  "blaes"  by  the  shale  miners.    See  *'Kingle,** 

"Blandine." — ^A  name  for  liquid  petrolatum,  q,v. 

Blanket— See  "CarpetJ' 

Blau  or  Blue  Gas. — A  mixture  of  volatile  hydrocarbons,  such  as  pro- 
pane, butane,  the  pentanes,  etc.,  containing  hydrogen  and  methane,' 
etc.,  in  solution  under  pressure.  The  pressure  solution  is  filled  into  steel 
cylinders,  and  is  thus  available  for  transpK)rt.  Blau  gas  is  used  for  illu- 
minating, heating  and  power  purposes.  See  Hallock,  /.  Soc,  Chem, 
Ind,,  1908,  550. 

"Bleeding." — The  exudation  of  bituminous  material  on  the  roadway 
surface  after  construction. 

"Blown  Petroleums." — Semi-solid  or  solid  products  obtained  pri- 
marily by  the  action  of  air  upon  originally  fluid  native  bitumens,  which 
are  heated  during  the  blowing  process.    See  "  Condensed  "  Oils. 
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"Blue  Oil." — Id  the  Scottish  ehale-oil  induatry,  the  oil  produced  from 
heavy  oil  and  paraffia  by  cooling  and  pressing  For  separation  of  hard 
parafBn  scale;  it  is  refined  and  fractioned  into  lubricating  oils.  See 
page  836. 

"Bog-B  utter. "—See  ButureUite. 

Boghead  CaoneL — See  TorbanehiU  Mineral. 

Boghead  CoaL — A  highly  bituminous  Scottish  mineral  containing 
60-70  per  cent,  of  volatile  matter,  from  which  Young  obtained  120-130 
gal.  of  crude  oil  per  ton.     It  was  worked  out  in  1863. 

On  the  manufacture  of  coal  gas  from  boghead  coal,  see  Fyfe,  /. 
Frank.  Insl.,  24  (IS52).  347  and  390;  on  the  composition  of  this  coal,  see 
Fyfe,  Trans.  Roy.  Scot.  Soc.  ArU,  i  (1856),  250;  and  for  a  general 
aocnunt  of  the  TorbanehiU  minerals,  see  Traill,  Trans.  Roy.  Soc. 
Edinb..  21  (1854),  7. 

See   TorbanehiU  Mineral. 

Bolt  OiL — A  viscous  neutral  oil  having  a  gravity  of  30°B^.  and  a 
Saybolt  viscosity  of  220,  has  been  used  for  nut  and  bolt  threads  and  is 
recommended  for  that  purpose. 

Bombiccite. — A  transparent,  colorless  mineral,  found  in  lignite  in 
Tuscany;  it  fuses  at  75°C.,  volatilizes  at  a  higher  temperature,  and  ia 
soluble  in  carbon  disulphide,  alcohol  and  ether  (Bombicci,  Mem.  Accad. 
Bologna,  9,  1869;  Guxrebchi,  BoU.  Com.  Geol.,  2  (1871).  70). 

Bond. — The  combined  action  of  inertia,  friction,  and  of  the  forces 
of  adhesion  and  cohesion  which  aids  the  separate  particles  composing  a 
pavement  to  resist  separation  under  stress.  Mechanical  bond  is  the 
bond  produced  almost  wholly,  in  a  well-built  broken-stone  macadam 
road,  by  the  interlocking  of  angular  fragments  of  stone  and  the  subse- 
quent filling  of  the  remaining  interstices  with  the  &uer  |>articles. 

"Bottom  Settlings"  ("B.  S."), — Earthj-  matter,  inert  organic  matter, 
or,  in  the  case  of  paraffin-base  petroleum,  an  emulsion  of  amorphous 
parafhn  wax  and  water,  which  accompanies  crude  oil.  If  an  emulsion, 
it  may  be  reHned  with  the  petroleiim  after  the  removal  of  water;  other- 
wise it  may  be  eliminated  by  settling.     See  p.  447. 

Boulevard  Gas  Fluid. — A  petroleum  distillate  which  had  a  gravity  of 
76°R6, ;  it  was  used  for  street  naphtha  lamps. 

Bound.— Ilonded. 

Branchite.^ — A  mineral  from  the  brown  coal  of  Mt.  Vaso  in  Tuscany; 
it  is  colorless,  has  a  specific  gravity  of  1.044,  and  is  soluble  in  alcohol. 
See  Hartile. 

Brea.— Sand  or  soil  impregnated  with  petroleum  from  seepages,  the 
volatile  constituents  liavlng  evaporated.  Brea  Is  associated  with  petro- 
leum in  formations  of  tlie  Puente  Hills  district,  Cal.,  and  has  been  used  as 
a  road  dressing. 

Brick  OiL— One  grade  ia  a  pale  non-viscous  neutraloil,orlight-bodied 
lubricating  oil,  possessing  a  gravity  of  34°B6.,  a  flash-point  of  340°^'.,  a 
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fin  test  of  400"F.,  a  oold  test  of  20T.,  and  ft  visooflify  of  90,  Saybdli. 
The  produci  described  under  pauU  oil  is  also  kiiown,aB  bride  dL 

British  (HL — A  rubefacient  liniment  oompooed  <rf  oil  of  tuipmtine, 
linaeedoil,  oil  of  ambeTi  Oil  of  junipeTi  and  petroleum.  . 

Bfown-<k>aL — See  LigwU$. 

Broilrani  Ofl-Sbale. — ^A  Boottiah  ehale  wbieh  aTerafOB  SH  ft.  in 
thickneas  and  is  found  at  Addiewdl,  Seafidd,  Oakbank,  BtoAam, 
Hopetoun,  and  Fhilipstoun;  it  yields  29-85  gal.  of  orude  oil  and  81HKI 
lb.  of  ammonium  sulphate  per  ton.    See  page  918. 

BrfidmereOite — ^A  substuice  ("geo-fetinic  add'O  foond  aasoeiated 
with  leuoopetrite  (Bbuckmsb,  /.  prakL  Chem.,  5T  (1852),  1);  it  was 
reported  to  have  the  composition  Cu!RaJO%. 

'"B.  S.**— See  BotUm  SMingn. 

**B.  S.  OIL^-^A  term  apjdied  to  erude  oil  tank  reaidues.  On  enaiploy« 
ment  of  these,  see  page  632. 

Bttcaxamangite. — ^A  reain  reaemUing  amber  in  cdloTi  but  inacduble 
in  alcohol  and  yielding  no  succinic  acid  (BoussfNOAnuTy  Ann.  chim.  fi^kys., 
6  (1842),  507;  Comp(.  rend.,  96|  1452).    See  iSuocittOe. 

Buffing  OIL — ^A  31^B6.  viscous  neutral  cSL  is  said  to  be  satisfactory  in 
buffing. 

Burmite. — ^A  fossil  resin,  resembling  amber,  but  harder  and  toui^ier; 
it  occurs  in  Upper  Burma  (Helm,  Rec.  Oeci.  Survey  India^  86  (1892), 
180;  26,  31,  61).    See  Succinite. 

Burning  OiL — See  Kerosene. 

Butane. — On  the  butanes  in  Americfikn  petroleums,  see  Mabert  and 
Hudson,  Proc.  Am.  Acad,,  82  (1897),  101. 

See  Cymogene. 

Butyrellite. — A  white  or  yellow  waxy  substance  found  in  certain  of  the 
Irish  and  Scotch  bogs.  It  has  been  described  as  a  mineral,  but  is  of 
undoubted  animal  derivation. 

On  the  chemical  composition  of  butyrellite,  see  Macadam,  Min. 
Mag.,  6  (1885),  175. 

Byerite. — A  caking  bituminous  coal  from  Middle  Park,  Colo.  It 
resembles  albertitc  in  the  large  amount  of  gas  and  oil  which  it  yields  upon 
distillation,  but  is  heavier  (1.323)  and  is  insoluble  in  carbon  disulphide, 
etc.  {Am.  J.  Set.,  9  (1875),  146). 

Byerlyte. — The  name  given  by  F.  X.  Byerley  to  the  product  obtained 
by  his  patented  process  (United  States  Patent  524130,  Aug.  7,  1894) 
of  manufacturing  asphaltic  substances  from  petroleum  by  the  prolonged 
exposure  to  high  temperature  and  the  action  of  air.    See  page  629. 

Caking  CoaL — Caking  coals  are  bituminous  coals  which  soften  and 
become  pasty  or  semi-viscid  in  the  fire.  This  softening  occurs  at  the 
temperature  of  incipient  decomposition;  on  increasing  the  heat,  the 
volatile  products  are  expelled,  and  a  coherent,  cellular,  or  fritted  mass  of 
coke  is  left.    On  coking  and  caking  coals,  see  Vi all,  Power,  43  ( 1916) ,  432, 
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Camphenea.— Camphenes  of  the  general  formula  CBHin_4  have  been 
found  in  the  distillate  from  the  asphalt  of  Pechelbronn  (Bousbinqault, 
Ann.  ckim.  phys.,U,  141;  73, 443)  and  in  that  from  the  asphalt  of  the  Val 
de  Travers  (Volckel,  Aitn.,  87  (1853),  143). 

Canadol. — A  light  petroleum  ether  ("light  ligroin")  of  the  specific 
gravity  0.660-0.700,  which  has  been  uaed  for  the  production  of  local  rniea- 
thesia  by  spraying,  and  as  a  solvent. 

Cannel  Coal. — A  variety  of  bituminous  coal,  often  caking,  compact, 
little  or  no  luster,  and  breaking  with  a  coDcholdal  fracture  and  smooth 
surface.  It  was  formerly  distilled  in  Scotland,  where  its  occurrences 
graduate  into  coaly  oil-sliales.  On  the  destructive  distillation  producta  of 
cannel  coal,  see  Bull.  School  of  Mines,  Univ.  Mo.,  3   (1917>,  No.  4. 

Caoutchouc. — "Australian  caoutchouc"  has  been  described  by  Dter 
in  /.  BoL,  (6),  1  (1872) ,  103, 338.  "  Derbyshire  caoutchouc  "  isdescribed 
in  Ann'.  Mug.  Hist.  Nat.  Paris,  1  (1799).  2C1. 

On  mineral  caoutchouc,  see  Mobris,  Proe.  Acad.  Nat.  Set.  Phiia.,  (3), 
7  (1877),  131. 

See  Hetcnils  and  Elaterile. 

Car  OiL — Car  oils  are  usually  black  lubricating  oils  of  the  same  gen- 
eral  character  as  summer  black  oil.  Lubricants  for  car  axles  must  be 
cheap,  and  some  railroad  speoiflcations  require  a  gravity  of  29''B6.,  a 
flash-point  of  325''F.,  and  a  cold  test  of  5"  to  IS^F. 

Carbenes. — The  components  of  the  bitumen  in  petroleums,  petroleum 
products,  malthas,  asphalt  cements,  and  solid  native  bitumens,  which 
are  soluble  in  carbon  disulphide,  but  insoluble  in  carbon  tetracliloride. 
See  Anphatlenes  and  PelTolene. 

Carbon  Black. — A  name  for  lampblack. 

Carbonite. — Carbonite,  or  native  coke,  occurs  at  the  Edgebill  mines, 
near  Richmond,  Va.;  it  is  more  compact  than  artificijil  coke  and  some 
varieties  affoird  bitumen.  See  Wdrtz,  Trans.  Am.  hist.  A/tn.  Eng.,  3 
(1875),  457. 

Carbon  OiL — A  name  for  kerosene. 

Carbopetrocene,— Prunier  {Bull.  soc.  chim.,  (2),  31  (1870),  293)  iso- 
lated from  petrocene  (q.v.)  hydrocarbons  which  he  tenned  carbozene, 
carbopctroccne,  and  thallene.     See  Carbozene, 

Carboxylic  Adds. — According  to  Markovnikov  {J.  Russ.  Phys.- 
Chem.  Soc,  19  (1887),  156),  as  much  as  5.25  per  cent,  of  oxygen  occurs 
in  the  fraction  of  Caucasian  petroleum  boiling  between  220°  and  230''C.; 
he  considers  the  acids  to  be  carboxylic  acids,  derived  from  the  naph- 
thenes  of  the  petroleum.  Aschan  (Ber.,  23  (1890),  867;  24  (1891), 
2710)  has  confirmed  this  view, 

Carbozene. — Hydrocarbons  termed  earbosene,  carbopetrocene  and 
thallene,  possessing  formulas  ranging  from  (C*Hi)n  to  (CiHi)o,  where  n 
is  a  variable  higher  than  4,  have  been  isolated  by  Prunikr  (Btdl.  soc. 
cMm.,  (2),  31  (1879),  293)  from  the  so-called  petrocene  iq.v.). 

Carpet. — A  bituminous  surface  of  appreciable  thickness,  generally 
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formed  on  t6p  of  a  roadway  t^  the  appUoation  of  one  or  mora  eoiata  of 
bituminous  material  with  gravel,  aand  or  atone  oidpe  added. 

Castor  Madiine  (HL— An  oil  nwoh  used  for  the  lufarioalion  of  aades, 
journals  and  harvesters,  usually  supplied  in  three  grades.  It  is  the 
solution  of  an  aluminum  soap  in  paraffin  or  light  neutral  oiL 

Cedaiite. — A  fossQ  resin  resemUing  amber,  somewhat  widely  dia> 
tfibuted  in  the  alluvium  of  the  Saskatohewan  River  in  Canada  (/oM. 
ilfifi.,  a  (1898),  212).    Set /SuednUe. 

Cement— An  adhesive  substanoe  used  for  uniting  partides  of  other 
materials  to  eaeh  other.  Ordinarily  applied  only  to  oakined  ''oement 
rook,"  or  to  artificially  prepared,  calcined,  and  ground  mixtures  of  Ume- 
^stone  and  silicious  materials.  Sometimes  used  to  designate  bituminous 
binder  used  in  bituminous  pavements,  when  the  eacpression  "bituminous 
cement"  (g.v.)  is  understood  to  be  meant. 
'  Cement  Waterproofing  (HL — See  Conerde  Waterproofing  OH. 

Cerasln.— See  Cerwin. 

Ceresin. — Ceresin  is  prepared  by  heating  osokerite  (9.9.)  with  sul- 
phuric add,  with  constant  stirring,  and  decolorising  with  charooal;  the 
product  is  then  treated  with  volatile  solvents  to  extract  the  contained 
ceresin.  Ceresin  is  used  as  a  substitute  for  beeswax.  It  occurs  in 
commerce  in  the  form  of  thin  round  masses  several  inches  in  diameter, 
harder  than  wax,  of  a  dassling  white  appearance;  inodorous,  and  trans- 
parent at  the  edges.    The  mdting-point  is  between  75°  and  80°C. 

Chemawinite. — ^A  resin  related  to  succinite  (q.v.),  occurring  on  a  beach 
on  Cedar  Lake,  near  the  mouth  of  the  north  Saskatchewan;  it  has  a 
specific  gravity  of  1.055,  its  color  varies  from  pale  yellow  to  dark  brown, 
and  it  is  soluble  to  the  extent  of  21  per  cent,  in  absolute  alcohol  (Har- 
rington, Am.  J.  Set.,  42  (1891),  332). 

"Cherry  CoaL" — The  cherry  coal,  or  soft  coal,  of  England,  is  a  non- 
caking  coal  which  ignites  well  and  bums  rapidly. 

Cholesteiin  in  Petroleum. — On  the  alleged  occurrence  of  cholesterin 
in  the  laevo-rotatory  fractions  of  certain  petroleums,  see  Stbinkopp 
and  WiNTERNiTZ,  Chem.'Ztg,j  38  (1914),  613;  and  pages  30  and  114. 

Christmatite. — ^A  butyraceous,  greenish  yellow  to  wax-yellow  hydro- 
carbon from  Wettin,  Saxony;  it  has  a  specific  gra\dty  of  below  1  and  is 
soft  at  55"^  to  60**C.    See  Fleck's  "Steinkohlen  Deutschl.,".  1865, 1,  37. 

Chrysene. — On  chrysene  and  its  derivatives,  see  Adler,  Ber.,  12 
(1879),  1889;  and  Laurent,  CompL  rend.,  5  (1837),  718. 

Claroline. — ^A  mineral  oil  possessing  a  specific  gravity  of  0.8667  at 
IS^'C,  a  viscosity  of  4.4**  Engler  at  20*^0.,  a  flash-point  of  152**C.,  and 
an  ignition-point  of  270®C.    It  is  a  solvent  for  natural  gases. 

Cleansing  OiL — ^A  naphtha  possessing  a  boiling  point  of  120®  to  150**C. 
and  a  specific  gravity,  of  0.722  to  0.737  at  15^*0. 

Cloustonite. — A  mineral  related  to  asphalt,  occurring  in  patches  in 
blue  hmestone  and  in  blue  flags  at  Inganess,  Orkney.     It  is  soluble  in 
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benzol  and  at  a  red  heat  gi^-ea  47.8  per  cent,  of  "flluminaling  Ras" 
(IIeddle,  Min.  Mag.,  3  (1879),  222). 

Coal  Mine  Drivers'  OiL — See  Drivers'  Oil. 

Coal  Oil. — ^This  term  has  been  applied  to  the  folltiwing:  the  crude  oil 
obtained  by  the  destructive  distillation  of  bituminous  coal;  tiiat  dis- 
tillate obtained  from  such  a  crude  oil  which  was  used  for  illuminating 
purposes;  crude  petroleum;  anJ  kerosene. 

Coal  Tar. — The  mixture  of  hydrocarbon  distillates,  mostly  unsat- 
urated ring  compounds,  produced  in  the  destructive  dietillation  of  coal. 
Raw  coal  tar  is  composed  of  light  oils,  pyridine  bases,  phenols,  naph- 
thalene, anthracene,  heavy  oils,  etc.  It  varies  greatly  in  composition, 
and  may  be  divided  into  retort  gas  tar  and  oven  gas  tor,  according  to 
the  method  of  production.  See  G.  Lunoe'b  "Coal-Tar  and  Ammonia." 
New  York,  1916. 

Coal-Tar  Naphtha. — The  light  oil  produced  in  the  distillation  of  coal 
tar.  For  anexcelleiit  description  of  coal  tar  and  its  distillation  products, 
sec  Dodge  in  Rogers  and  Aitbert's  "Industrial  Chemistry,"  2d  edition. 

Coal-Tar  Oils. — It  is  a  common  practice  in  this  country,  in  the  dis- 
tillation of  coal  tar,  to  fraction  as  light  oil  until  the  distillate  commences 
to  sink  in  water,  and  as  heavy  oil  or  creosote  oil  from  that  point  to  pitch. 

Heavy  coal-tar  oils  are  the  dead  anthracene  oils,  heavier  than  water 
and  having  the  odor  of  creosote;  they  are  completely  soluble  in  ethyl 
alcohol.  On  the  differentiation  of  coal-tar  oils  from  mineral  oils,  see 
VAI.ENTA,  Ckem.-Ztg.,  30  (1906),  266. 

Coal-Tar  mtch. — The  residuum  from  the  distillation  of  cool  tar. 
Most  of  the  tar  is  run  to  soft  pitch  with  a  melting  point  between  60° 
and  sec. 

Coat.— (1)  The  total  result  of  one  oi 
(2)  To  apply  a  coat.     See  "Cnrpet." 

Coke. ^Petroleum  coke  usually  shows  the  following  composition: 

Volatile  and  combustible  matter,  5  to  10  per  cent.;  fixed  carbon,  90  to 

f  96  per  cent.;  ash,  from  a  trace  to  0.3  per  cent.;  sulphur,  from  0.5  per 

f.  cent,  to  1  per  cent.     On  account  of  the  purity  of  petroleum  coke  it  has 

found  application  in  metallurgical  processes  and  in  making  buttery 

carbons  and  carbon  pencils  ("electric  carbons"). 

On  petroleum  coke,  see  Doeivtz,  Ckem.-Ztg.,  30  (1900),  585;  Lano- 

IBEiN.  iind.,  lUo;  Lidov,  J.  Rues.  Phys.-Ckem.  Soc..  14  (1882),  323;  and 
Pkunier  and  Vakennb,  Bull.  aoc.  chim.,  (2),  33  (1880),  567. 
Coke,  Native. — See  Carbonite. 
Coke-Oven  Tar. — Coal  tar  produced  in  by-product  coke  ovens  in  the 
mauufacturc  of  coke  from  bituminous  coal. 
On  bituminous-coal  coke,  see  Byrom  and  Christopher's  "Modern 
Coking  Practice,"  1910;  and  Lewes'  "Carbonization  of  Coal,"  1912. 
Coking  Coals. — See  Cakiiig  Coah. 
"  Combustible  Shale." — See  Titsmanile. 
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Componndod  Ofliir— liinenl  lubrioaling  db  are  often  mixed  with 
wed  oib;  tat  instanoe,  "blown"  n^ieeeed  oQ  or  "bbmi''  eottopeeed  oQ 
are  med  to  incrooBo  visooai^y.  Ifien,  too,  varying  amounta  of  an  aninial 
oQ  are  frequently  added  to  mineral  eyliiider  oibi  and  artifieial  viaooaity 
18  aometimea  imparted  to  aome  of  the  lesa  viaooua  mineral  hilirioating 
oib'  by  the  addition  ci  roain  oil  or  of  aluminum  oleate  or  pdmitrntfti 
See  Cador  Machine  00.  * 

Compreaaor  Oila.— A  8trai^t4;eduoed  viaooua  neutral  oO  of  the 
gravity  30^  or  Sl^'B^.  and  having  a  viaoodty  ct  216  or  210,  Bayboli 
is  said  to  be  aatisf actoiy  for  air  oompreaBom.  CJompreasor  ofla  ahoold 
have  a  aolidifying  point  of  below  —2(^0.  and  a  flaah-point  of  140* 
to  ISO^C.    Tb^  are  aometimea  artifieiaUy  oolored  to  a  vioM  tint. 

The  light  spindle  oil  described  under  iee^maehine  oU  haa  alao  been 
recommended  for  air  compreasors. 

Concrete  Form  (HL— One  grade  ia  a  non-viaoous  neutral  oil  poaBeaaing 
a  gravity  of  M'^BL,  a  flash-point  of  840*"?.,  a  fire  teat  of  400*F.,  a  oold 
test  of  2(r*F.,  and  a  viscoaity  of  80,  Saybolt. 

Concrete  Waterproofing  (HL— iSiwifiMr  black  oU  is  said  to  be  Bata»- 
f aotoiy  for  waterproofing  cement.  On  the  grade  of  oil  required  for  thia 
purpose,  see  BvU.  No.  4fi»  Office  efPybUe  Baade^  V.  8.  DepL  Agr.;  and 
BvU.  No.  SaO,  U.  8.  Depi.  Agr. 

'^Condenaed"  or  *'Blown"  Ofla. — 1.  The  bitumens  prepared  from  the 
residual  fluxes  by  treatment  with  sulphur  or  air  at  high  temperatures, 
are  said  to  be  short  or  lacking  in  ductility  and  to  be  non-adhesive.  The 
effect  of  such  treatment  is  to  produce  a  material  which  may  be  looked 
upon  as  dehydrogenated  and  condensed  as  far  as  its  molecular  structure 
is  concerned.  ''Condensed"  or  ''blown"  oils  all  yield  much  ash-free 
residual  coke,  and  the  effect  of  the  process  is  to  reduce  to  a  marked  ex- 
tent the  percentage  of  saturated  hydrocarbons  of  which  they  consist  and 
the  solubility  of  the  substance  in  naphtha.  Without  regard  to  the  char- 
acter of  the  petroleums  in  which  they  originate,  the  resulting  products 
resemble  one  another  quite  closely. 

2.  Vegetable  oils,  such  as  cottonseed  oil,  which  are  thickened  by 
oxidation,  for  compounding  marine  cylinder  oils,  are  also  known  as 
"blown"  oils. 

See  Asphalt^  Hydroline,  Obispo,  S.  0.  Co,  Binder ,  and  Gvif  Binder, 
also  **Blovm  Petroleums.*' 

Consistency. — ^The  decree  of  solidity  or  fluidity  of  bituminous  ma- 
terials. 

Coorongite. — ^A  south  Australian  elaterite,  or  mineral  caoutchouc  (q.v.). 

On  coorongite,  see  Boodle,  Bull.  Roy.  Bot.  Gardens,  Kew,  1907,  145; 
Gumming,  Proc.  Roy,  Soc.  Vict.,  15  (1903),  134;  Jackson,  Phann.  J.,  81 
(1872),  763  and  785;  and  Morris,  Proc.  Acad.  Phila.,  1877,  131. 

Copaline. — See  Copalite. 

Copalite. — ^An  oxygenated  hydrocarbon  resembling  copal,  from  the 
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blue  clay  of  Higbgate  Hill,  near  London,  England  {Aikin's  "Marmul 
of  Mineralogy,"  1816,  64;  Johnston,  Phil.  Mag.,  14  (1S39),  87). 

Cordage  Oil. — A  non-viscoua  neutral  oil  usually  identical  with  con- 
crete form  oil  in  properties. 

Core  OiL — The  grade  described  as  painloil,  Se'Bfi.  gravity,  com- 
pounded with  corn,  soya  bean  or  linseed  oil,  ia  said  to  be  satisfactory 

"Cosmolene,"  or  "Cosmoline." — Cosmoline,  or  UtigueTitum  Petrolei,  is 
a  trade-name  for  petrolatum.     See  page  631. 

On  cosmoline,  see  Lemberoer,  Ptoc.  Am.  Pbarm.  Assn.,  1871,  384; 
Mabehv,  Ptoc.  Am.  Acad.,  10  (1904),  361;  Miller,  Am.  J.  Pharm., 
(4),  3  (18?2),  534;4(I874),  1. 

Cottonseed  Oil  Adulterant. — Tbe  product  dc.<icribed  as  -painl  oil  has 
been  used  in  the  adulterutlon  of  cottonseed  oil. 

Courtzilite,^.\  form  of  asphaltum  allied  to  giisonitc  iq.v.).  See  17(A 
Ann.  Rept.  V.  S.  Geol.  Sjirvey,  1896-6,  part  III,  752. 

"Crackene," — ^.'in  aromatic  hydrocarbon  (CmHh),  obtained  by 
KLAunr  and  Fink  {Monalsh.,  21  (1900),  118)  from  the  "rod  pitch"  con- 
densing in  the  stills  during  the  cracking  of  Austro-Uungarian  petroleum. 
It  formed  yellow  crystalline  scales  with  green  fluorescence,  m.p.,  308"C., 
and  was  quite  similar  to  benzerythrene. 

Craok-Case  OiL — Viscous  neutral  oils  of  30.5°  and  SS^B^,  gravity  are 
recommended  for  gas  engine  crank  cases.  A  mixture  of  30  per  cent, 
of  2G°B^.  cylinder  stock  and  70  per  cent,  of  this  with  32°M,  viseoua 
neutral  6il  has  been  used  for  steam  crank  cases;  and  an  oil  of  gravity 
26°  to  27*'B6.,  flaah  455''F.,  and  Saybolt  viscosity  100  at  212''F,,  is  said 
to  have  proved  generally  satisfactory. 

Crank-case  oils  should  emulsify  but  little  with  water. 

Cream  Separator  Oils, — The  following  non-viscoua  neutral  oils  liave 
been  used  and  recommended  for  tbe  lubrication  of  hand  separators: 


4 


I 


Gcuvity       1      Fluh-poiut 

Birn  I«t          1         Cord  twt 

Sa/balt  vlMoiitr 

34.0°Bg. 

34-5" 

35-0° 

aio-F. 

340° 

340° 

400° 

400° 
400° 

20°^ 
20= 

20° 

80 
75 
70 

The  following  viscous  neutral  oils  have   been   recommended   for 

'^lubricating  steam  separators: 


so-s-'B*;. 

4I5°F. 

480°F. 

20°F 

215 

31.0° 

415° 

480° 

20° 

210 

32.0° 

400° 

460° 

20° 

145 

Cristo-Grahainite. — Grahamite  (q.u.)  from  the  Cristo  mine,  Huasteca, 
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*'Cnid0.^ — A  nmiiie  for  onide  petrolamn* 

Cmde  Ifineiml  OIL— A  name  for  orude  pekokium. 

Cmde  on.— A  name  for  erude  petrokum.    See  page  1. 

Cmiber  OUr— An  oil  idiidh  has  been  recommended  for  emaben  ean- 
taina  60  per  cent,  of  MtntiMr  Uodb  oil  aiid  fiO  per  cent,  of  26*Bd.  ateam- 
refined  cylinder  stock. 

'^CiyaaaUn.^— A  proprietary  name  for  liquid  petndatiimi  qjf, 

Cmiaile.— Da  la  Rua  and  Mulub  have  found  cumene  (CtHia)  in 
Rangoon  petroleum  (see  Proe,  Ray.  8oc.^  8  (1857),  221). 

Cmfy  Shales— A  Pompher^ton  oQ-ehale.  Its  thidtness  m  about  6 
ft.|  and  it  yields  20  gal.  of  crude  oO  and  from  60  to  70  lb.  of  ammomum 
sulphate  per  ton.    See  page  818. 

Curve  Gteaae, — A  grease  adapted  for  use  on  railroad  curves. 

Cut-Back  Products. — P^trcdeum  or  tar  redduums  which  have  been 
fluxed,  eadi  with  its  own  or  similar  distillatwi. 

Cutting  Oilsv-'On  cutting  oils,  see  OoraLAM),  Met'  ChewL  Sng^  17 
(1917),  25. 

QydoheptaneSi  Cyddiezanea,  and  Qydopentftaes.— On  the  presence 
of  oydic  hydrocarbons  in  the  fractions  48^-n50*'C.,  60^-61^.,  and  90.5**- 
06^C.,  obtained  from  Caucasian  naphtha,  see  Mabkovnikov,  Bsr.,  80 
(1897),  974  and  1221.  On  the  advantages  offered  by  Oaucasian  naphtha 
as  a  source  of  cydio  compounds,  see  Mabkovnikov,  ilnn.,  801  (1898), 
154;  802  (1898),  1. 

Cylinder  Stocks. — Steamed  cylinder  stocks,  oils  which  are  used  in  the 
lubrication  of  steam  cylinders,  for  which  purpose  they  are  ffbquently 
compounded  with  fatty  oils,  are  the  steam  residues  from  paraffin-base 
crude  oils.  They  vary  in  gravity  from  20**  to  27®B^.,  in  flash  from  050* 
to  476**F.,  in  viscosity  from  350  sec.  to  100  sec.  Saybolt  imiversal  viscoai- 
meter  at  210**F.,  and  in  cold  test  from  30**  to  60**F.  They  are  dark 
green  in  color  and  contain  varying  amounts  of  asphaltic  matter,  depend- 
ing upon  the  quality  of  crude  oil  refined  and  the  care  exercised  in  refining. 
These  oils  are  often  refined  by  filtration  through  fullers*  earth  or  bone- 
black,  which  process  lowers  the  specific  gravity  and  the  cold  test,  but 
reduces  the  viscosity;  all  these  changes  depend  upon  the  extent  of  filtra^ 
tion.  Filtered  cylinder  stocks  may  be  recognized  by  their  transparency 
(cf.  unfiUered  stocks).    See  pages  469,  474,  476,  and  482. 

Valve  or  cylinder  oils  are  often  compounded  with  tallow  oil  or  neats- 
foot  oil. 

Certain  eastern  refiners  produce  the  following  filtered  cylinder  oils: 


Gravity 

Flash-point 

Firo  test 

Saybolt  visoodlty 

29°B6. 

450°F. 

500°F. 

90 

28° 

500° 

550° 

•120 

27° 

540° 

600° 

140 

26>i° 

650° 

615° 

165     ' 

27° 

550° 

610° 

150 
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Five  grades  of  "steam-refined  cylinder  stocks'*  are  usually  produced 
from  Pennsylvania  petroleum;  the  properties  of  these  are  as  follows: 


Gravity,  degrees  B6 

Saybolt  viscosity  at  212°F. 

Cold  test,  degrees  F 

Fire  test,  degrees  F 

Flash-point,  degrees  F 


26.0 
160.0 

40.0 
600.0 
535.0 


25.5 
168.0 

40.0 
610.0 
545.0 


25.0 
200.0 

30.0 
635.0 
570.0 


24.5 
225.0 

30.0 
650.0 
590.0 


24.5 
250.0 

'30.0 
675.0 
600.0 


On  the  valuation  of  cylinder  oils,  see  Richardson  and  Hanson,  /.  Soc, 
Ghent,  Ind.,  24  (1905),  315. 

Cymogene. — ^A  petroleum  product  possessing  a  specific  gravity 
ranging  between  0.590  (lOS^'B^.)  and  0.636  (90''B6.);  it  has  usually  a 
boiling  point  of  0°C.  and  is  nearly  pure  butane.  It  has  been  used  as  a 
local  anesthetic,  in  certain  types  of  refrigerators  and  in  the  manufacture 
of  ice.    See  BtUane  and  Rhigolene. 

Dam-Shale. — A  Scottish  oil-shale  which  averages  from  3  to  6  ft. 
in  thickness.    See  page  812. 

Danforth's  OIL — The  trade  name  of  a  petroleum  distillate  possessing 
a  specific  gravity  of  0.69  to  0.70  and  boiling  at  80®  to  110®C.  It  is  used 
as  a  solvent  and  for  burning  in  vapor  stoves. 

Dead  Oils. — Oils  with  a  density  greater  than  water,  which  are  dis- 
tilled from  tars. 

Deblooming  Agents. — Mono-nitronaphthalene  (C10H7NO1)  and  yel- 
low coal-tar  dyes  are  sometimes  added  to  mineral  oils  to  mask  the 
fluorescence.  Oils  treated  with  nitronaphthalene  become  darker  on 
keeping.     See  Nitronaphthalene, 

Decane. — Normal  and  secondary  decane  have  been  found  in  Galician 
petroleum  (Lachowicz,  Ann,,  220  (1883),  188). 

"  Deeline." — A  Uquid  petrolatum. 

Dehydrated  Tars. — Tars  from  which  all  water  has  been  removed. 

Deodorized  Naphtha. — ^Two  grades  of  deodorized  naphtha  are  mar- 
keted by  Pennsylvania  refiners:  62**-63®B^.,  used  by  dyers;  and  55®- 
58°B^.,  used  by  paint  and  varnish  manufacturers. 

Diabantite. — Diabantite  is  described  by  Hawes  in  Am,  J,  Sci,,  (3), 
9  (1875),  454. 

Die  Oil. — The  following  neutral  oils  are  employed  in  the  lubrication  of 
steel  dies: 


Gravity            Flash-point               Fire  teat 

i                          1 

Cold  test 

Saybolt  viaoosity 

SOH^'B^. 
34° 

395^F. 
340° 

450°F. 
400° 

30°F. 
20° 

240 
80 

27 
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Di-isopropyl  in  Baku  Beimne. — On  the  presence  of  di-isopropvl 
in  benzine,  see  Aschan,  Ber.,  31  (1898),  ISOl. 

Dinlte. — An  inodorous,  tasteless,  fragile  mineral  having  the  appear- 
ancG  of  ice,  but  with  a  yellow  tinge,  and  very  soluble  in  ether  and  carbon 
disulphide;  it  was  found  in  a  lignite  deposit  at  Lunigiana,  Tuscany. 

DistUUte  Fuel  Oil.^Fuel  oil  of  heavy  gravity.  One  having  a  gravity 
of  34°H^.  (7.11  lb.  per  gallon),  haa  been  found  to  contain  20,2S0  B.t.u. 
per  pound. 

See  Fud  Oil. 

Docosane.— Docosane  (CmHia)  has  been  separated  from  Pennsylvania 
petroleum  by  Mabeky  {Ptoc.  Am.  Acad.,  37  (1902).  565). 

Dodecane. — Dodecane  (CnUia)  has  been  isolated  from  Pennsylvania 
petroleum.     See  Mabeht,  Ptoc.  Am.  Acad.,  32  (1S97),  121. 

Doppleiite. — An  amorphous,  elastic  or  jelly-like,  brownish  black 
oxygenated  hydrocarbon  found  in  peat  beds,  near  Aussee  in  Styria,  at 
Bad  Gonten,  Appensell,  and  at  Obbnrgen,  Switzerland;  it  has  a  specific 
gravity  of  I.0S9  and  is  insoluble  in  alcohol  and  ether. 

Regarding  dopplerite,  see  Clabsses,  Chem.-Ztg.,  22  (1898),  523; 
CooPBR,  Eng.  Mm.  J.,  32  (1881),  103;  Demel,  MonaUk.,  3  (1SS2),  763; 
Lewis,  Ptoc.  Am.  FhU.Soc,  20  (1882),  112;  and  KE.\NaoTT,  Jakrb.  k.-k. 
geol.  ReicM.,  1  (1850),  303. 

Dopplerite  of  Deicke. — A  grayish,  earthy,  plastic  oxygenated  hydro- 
carbon from  a  peat  bed  at  Finkenbach,  Switzerland  (Deicke,  Berg.' 
HaUentn.-Zlg.,  17,  383).     It  is  not  the  dopplerite  described  above. 

Dorsetshire  Bituminous  Shales. — Deposits  of  bluish  gray  slaty  clay, 
containing  volatile  matter,  and  interstratified  with  thin  beds  of  highly 
bituminous  shale,  occur  in  Dorsetshire,  England.    See  Kinimeridge  Shalt. 

On  the  destructive  distillation  of  this  shale,  see  WiLLUue,  J.  Chem. 
Soc,  7  (1854),  97;  PAii.  Mag.,  (4),  8  (1854),  209. 

Drivers'  OiL — Either  the  grade  described  as  painl  oU  or  a  non-viscous 
neutral  oil  of  34°B^.  has  been  recommended  for  coal  mine  drivers'  oil. 

Dry  Cleamog  Gasoline. — Gasoline  of  66°  to  68°B6.  or  deodorized 
naphtha  (q.r.)  of  58°  to  60°B6.  is  used  for  dry  cleaning.     See  NapMha. 

"Dry"  Natural  Gas. — Natural  gas  which  does  not  contain  an  appre- 
ciable amount  of  readily  condensible  gasoline.  It  is  usually  not  inti- 
mately associated  with  petroleum.  See  page  440.  Cf.  "Wet"  Natural 
Gas. 

Drying  Oils  from  Petroleum. — See  page  804. 

Dunnet  Shale. — An  oil-shale,  from  4  to  12  ft.  in  thicknesa,  found  at 
West  Calder,  Oakbank,  Pumpherston,  Duddingston,  Newliston,  and 
Burntisland,  Scotland;  it  overlies  the  Lower  Dunnet  shale  which  is 
worked  at  Oakbank,  and  yields  from  24  to  33  gal.  of  crude  oil  per  ton. 

"Durhon," — A  "natural  carbon"  paint,  manufactured  from  shale. 
Shale  is  heated  in  air-tight  retorts,  and  both  the  distillate  of  oil  and  the 
black  residue  are  used  In  the  production  of  "Durbon." 
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Dust-Lajring  Oils.-^nide  oils,  heavy  asphalt  oils,  tars,  soIutiooB  uf 
petroleum  asphalt  ia  gas-oils,  liquid  asphalt,  and  emulsions  of  oUs  and 
water,  have  been  used  for  laying  dust  on  roads.  The  basic  idea  in  the 
manufacture  of  dust-laying  oils  is  that  the  solvent  or  hghter  hydrocar- 
bons will  slowly  evaporate,  leaving  the  dust  particles  covered  with  a 
sticky  adherent  film.  Petroleum  asphalt  in  solution  in  oils  similar  to 
gas  oil  is  widely  used. 

See  "Kiton"  and  Westrumite. 

Dust-laying  oils  used  for  wood  floors  and  linoleum  should  be  pure 
mineral  oik  of  high  specific  gravity,  which  should  not  afford  a  separa- 
tion of  sticky  substances  in  the  course  of  several  weeks.  See  Floor 
Oil. 

Duzite. — A  resin  from  the  lignite  of  Duk,  Bohemia;  it  fuses  at 
246°C.,  has  a  specific  gravity  of  1.133,  and  ia  near  walchowite  (Doel- 
TER,  Verk.  Geol.  Reichs.,  18T4,  145). 

Dyes  from  Petroleum. — On  the  production  of  aniline  dyes  from 
petroleum,  see  Khabitchkov,  Tmdi  Bak.  Old.  Imp.  Rvssk.  Tekhn. 
Obsch.,  1905,  1906,  1907;  Mason,  Kept.  Com.  V.  S.,  B  (1882),  43; 
and  piigc  80(i. 

Dynamo  Oils. — Among  the  grades  of  viscous  neutral  oil  used  in 
dynamo  lubrication  are  the  following; 


Gravity 

Fluh-i»ii.t 

Fi»l«t 

C.ldt«t 

8.>-holt  vi««ity 

SOS-Bfi. 

415'F. 

480°F. 

20°F.      . 

216 

30  5° 

410" 

465°        ■ 

25° 

190 

31.0° 

416' 

480° 

20° 

210 

31.5° 

40 

4M' 

25° 

Ifll 

32.0' 

400' 

460° 

20° 

U5 

Dynamo  oil  is  also  termed  "dynamo  engine  oil." 

Dysodile. — A  very  inflammable,  flexible,  slightly  elastic,  yellow  or 
greenish  gray  mineral  from  Melili,  Sicily,  and  from  certain  German 
lignite  deposits;  it  has  a  specific  gravity  of  1.14  to  1.25. 

On  dysodile,  see  Cordibr,  J.  Mines,  S3  (1808),  275;  Delebse,  These 
anal.  Ckim.,  60,  1S43;  Church,  C/wm.  A'errs,  6  (1862),  122;  34  (1870), 
155;  EHHENBEito,  i4rtn.  pAj/«.  ctiein.,  124  (1839),  573;  and  Stephens, 
Proc.  Rfyy.  Soc.  Tasmania,  1876,  5. 

DysodyL — See  Dysodile. 

Earth  Wax.— See  Ozokerite. 

Earthy  Brown  Coal. — A  brown  friable  mineral,  sometimes  forming 
loyers  in  beds  of  lignite.  In  general,  it  ia  not  a  true  coal,  for  a  consid- 
erable part  of  it  is  soluble  in  ether  and  benzol,  and  often  in  alcohol. 
See  Leucopctrite  and  BathviliiU, 


■  ■       I 


•  ■        t 
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**BImudkk**— In  1908|  four  grades  id  Ebano  MexiMui  residual  pitdwB 
were  oi^  the  market    Ebano  "E''  oontained  99.4  per  oent.  of  bitttmen 
Bolubie  in  oarbon  disulphide,  Iper  oent.  of  paraffin  seale,  5.9  per  eeni.  of 
sulphur,  and  19.2  per  cent,  of  ash-free  residual  ooke.    Ebano  "DX" 
oontained  97.9  per  cent,  of  bitumen  siduUe  in  earbon  diaulphide,  IJi 
per  oent.  of  paraBSn  scale,  6.83  per  cent,  of  soIphuTi  and  33.9  per  oent  of 
ash4ree  residual  ooke.    Ebano  ''D''  contained  97.8  per  eent.  of  Utiinun 
soluble  in  carbon  disulphide,  1.3peroent.of  paraffin  scsle,  6^18  jier  oenL 
of  sulphur,  and  24.9  per  cent,  of  ash4ree  residual  coke.    Ebano  "B'' 
contained  96.8  per  cent,  of  bitumen  soluble  in  carbon  disolphide,  1.9  per 
cent,  of  paraffin  scale^  6.9  per  oent.  of  sulphur,  and  30.6  per  oent  of  ash- 
free  residual  coke. 

SedPUch. 

Elastic  Bitomen.--See  JBZoisrtle  and  Caaukkaue. 

Blateiite. — A  variety  of  bitumen,  known  as  ''mineral  India  mbber," 
on  account  of  its  elastic  properties,  was  found  at  an  eariy  date  in  the  Odin 
Mine,  Derbyshire,  and  was  termed  elaterite  by  Haudmann.  It  is  mmi- 
lar  to  eooronffUe. 

Utah  "daterite"  b  a  massive  amorphous  dark  brown  hsrdrocaifxxi, 
ndiich  ranges  from  soft  and  elastic  to  hard  and  biittie.  See  WurUitiUt 
of  which  elaterite  is  a  trade-name. 

Elaterite  has  been  described  by  Alexissv,  0am.  Jum.,  1888,  1, 
361;  Lister,  Phil  Trans.,  1673,  6179;  Magxtibb,  Mines  and  Minerals^ 
20  (1900),  398;  and  Morrison,  Min.  Mag.,  8  (1889),  133. 

Electrum. — See  Succinite. 

Elsass  Bitumen. — On  this  bitumen,  see  Favre,  Bull.  Soc.  Sci.  Nat. 
Neuchdtel,  11  {IS7S),  122;  Mieg,  Bull. Soc.  Ind.Mulhouse,^{188S),SS; 
and  Spielmann,  Hist.  Acad.  Ray.  Sci.,  Berlin,  14,  105. 

^'Emolene  White  Oil." — A  water-white,  odorless  oil  for  medicinal 
purposes. 

^'Emulsicool." — A  cutting  compound  which,  when  mixed  with  water, 
forms  an  emulsion.  It  is  said  to  be  especially  adapted  for  cutting  and 
drilling. 

Emidsion. — ^A  combination  of  water  and  oily  material  made  miscible 
with  water  through  the  action  of  a  saponifying  or  other  agent. 

Endecane. — Endecane  (C11H24)  has  been  isolated  from  Pennsylvania 
petroleum  (see  Mabery,  Proc.  Am.  Acad.,  32  (1897),  121).  * 

"Engine  Distillate."— " No.  1  Engine  Distillate"  from  California 
petroleum  is  water-white  and  has  a  gravity  of  50°B6. 

"No.  2  Engine  Distillate"  from  the  same  source  possesses  a  water- 
white  to  light  amber  color  and  a  gravity  of  45°B^. 

Engine  Gasoline. — ^A  gasoline  for  both  stationary  and  portable 
engines.    See  Motor  Gasoline. 

Engine  Oil. — One  grade  of  viscous  neutral  oil  used  in  the  lubrication 
of  engines  has  a  gravity  of  29^  to  30°B6.,  a  flash-point  of  400**  to  416*F., 
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a  fire  test  of  450°  to  iSOT.,  a  cold  test  of  20°  to  SO'F.,  and  a  Saybolt 
viscosity  of  180  to  300.     See  Macliine  Oil. 

The  grade  described  as  conipressor  oil  is  used  as  a  high-speed  engine 
oil  and  in  the  splash  lubrication  of  engines;  and  a  mixture  of  60  per  cent. 
of  32°]^.  viscous  neutral  oil  with  40  per  cent,  of  engine  oil  has  been 
used  in  turbines. 

While  the  above  specifications  are  in  use,  the  hydrocarbon  oils  sold 
as  engine  oils  may  present  wide  ranges  in  gravity  (23°  to  32"B6.),  flash 
(300°  to  400''F.),  and  viscosity  (50  to  400  sec.  at  70°F.).  Moreover, 
engine  oils  are  sometimes  mixed  with  animal  oils,  as  lard  or  whale  oil. 

Ether  from  Petroleum. — For  some  time  petroleimi  waa  used  as  a 
source  of  ethylene  for  the  production  of  ethyl  ether,  according  to  the 
method  of  Fritschb  (see  Ckem.-Ztg.,  33,  759;  United  States  Patent 
475G40,  Jan.  19,  1897). 

Ethylene. — Preponderating  quantities  of  the  ethylene  group  have 
licen  found  in  Rangoon  petroleum  (De  la  Rub  and  Mcller,  Ptoc. 
Roy.  Soc,  6  (1S57),  221).  According  to  IIofer,  ethylene  has  been 
isolated  from  North  American  petroleum. 

Euosmite. — An  amorphous,  brownish  yellow,  brittle  oxygenated 
hydroearbou  from  clefts  hi  brown  coal  at  Baiershof,  near  Thumecnreuth, 
in  the  Fichtelgebirge;  it  has  a  specific  gravity  of  1.2  to  1.5,  and  dissolves 
easily  in  alcohol  and  ether  (GiJMBEL,  Jahrh.  Min.,  1S64,  10). 

Eupian. — On  eupion,  see  Reichenbach,  J.  rh^m.  phj/ii.,  62  (1831), 
129;  66  (1832),  318;  Ann.  j>hys.  ckem.,  1832,  173;  113  (1S36),  534; 
and  VoLKEL,  VcrA.  Schwdz.  Gea.  Nat,  1860,  112. 

"Export  Oil." — An  illuminating  oil  for  export.;  it  is  usually  of  44°B<. 
gravity,  or  lighter.  That  for  England  is  of  73°  Abel  flash-point  and 
that  for  Germany  has  a  flash-point  of  21°  Celfiius;  both  are  of  standard 
white  quality. 

"Fat." — ^Containing  an  excess.  A  fat  asphalt  mixture  is  one  in 
which  the  asphalt  cement  is  in  excess  and  the  excess  is  clearly  apparent. 

Fatty  Acids  from  Petroleum. — See  page  805. 

Fells  Shale. — This  important  oi!  shole,  said  to  be  the  richest  in  Scot- 
land,  is  worked  at  Tarbrax,  Addiowell,  Breich,  and  Scafield;  it  yields 
from  26  to  40  gal.  of  crude  oil  and  from  20  to  35  lb,  of  ammonium  sul- 
phate per  ton. 

Fichtelite.— A  white,  translucent,  brittle,  odorless  hydrocarbon  from 
peat  beds  near  Redwitz,  North  Bavaria;  it  is  eaaily  soluble  in  ether,  is 
soluble  in  cold  nitric  acid,  and  distils  without  decomposition. 

On  fichtclitfl,  see  BAMnp.HaEB,  Ber.,  22  (1889),  035;  Bambehoeh  and 
Strasser,  ibid.,  3.161;  BnowEis,  Ann.,  37  (1S41),  304;  Clark,  Ann,, 
103  (1857),  236;  119  (1861),  226;  Hell,  Ber.,  22  (1889),  49S;  Plzak 
and  RosiCKr,  Z.  kryst.  tntn.,  44  (1908),  332;  Schmidt,  ^rcA.  Pharm., 
(3),  6  (1875),  538;  and  Spieqel,  Ber.,  22  (1889),  3369.  Fichtelite  has 
been  found  in  Alabama. 
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Fish  Oil  Adulterant— A  viscous  neutral  oil  of  32°B4.  gravity  and 
145  Saybolt  viscosity  has  been  employed  for  fish  oil  adulteration  and 
Bubalitution. 

Fixed  Carbon. — The  organic  matter  of  the  residual  coke,  obtained 
upon  burning  hydrocarbon  products  in  a  covered  vessel  in  the  absence 
of  free  oxygen. 

Floor  OiL— A  non-viseous  neutral  oil  ha\-ing  the  same  properties  as 
concrete  form  oil.  Floor  compound  oil  is  of  the  same  gradv.  Such 
oils  should  give  a  good  finish  and  prevent  dust  from  arising. 

"Floridin," — fuUers'  earth  from  Quincy  and  Jamicson,  Florida, 
used  in  decolorizing  petroleum  products. 

On  the  employment  of  Soridin  in  the  refining  of  petroleum  products, 
see  Bemsma-nn,  Compt.  Tend.  interTuU.  Cong.  PHraie,  sess.  3,  2  (lOIO), 
695;  and  on  the  recovery  of  paraflin  from  bleaching  earth  by  extraction, 
see  GnEMPE,  Seifenfabrikant,  3B  (1915),  7345. 

Flush  Coat — See  "Seal  Coal." 

Flux. — Uituniens,  generally  liquid,  used  in  combination  with  Iiarder 
bitumens  for  the  purpose  of  softening  the  latt«r. 

The  materials  which  are  tenned  fluxes  arc  tGo  residuals  left  after  the 
removal  by  distillation  of  the  more  volatile  fractions  of  varioua  petro- 
leums, until  the  product  ia  of  such  a  density  that  it  contains  little  at  _ 
nothiuRVoltttilc  on  he.itinE  50  erams  for  5  hr.  nt  a  tomperature  of  325°P;J 
They  consist  of  viscous  oils  of  a  character  used  for  fliudng  BoUd  asphklU 
or  for  direct  application  to  road  surfaoea  as  a  "carpet  coat." 

See  Paraffin  Fliixes,  Aaphaitic  Flvxea,  Semi-Atpkaitic  FUaxt  aad 
Mexican  FluxeB. 

Flux  OiL — A  product  from  asphalt-baae  petroleum,  used  by  roofing 
concerns  and  paving  contractors  to  flux  natural  asphalts;  it  is  obtaia- 
able  in  various  gravities,  that  of  11°  to  14''B£.  being  most  usett 
Flux  Oils,  Gau/)n  Wbiobt  Chabt 


S'SS^K 

PouDda  i»r 

G^omper 

W/. 

PoundipH 

Q.U<Hi.p« 

S^OQ 

tOD 

OIIOD 

10 

8.331 

240.0 

18 

7.885 

253. e 

11 

8.273 

240.0 

19 

7.833 

2S5.3 

12 

8.215 

243.4 

20 

7.781 

257.0 

13 

8.158 

245.1 

21 

7.730 

258.7 

14 

8.102 

246.8 

22 

7.679 

260.4 

J5 

8.047 

248.5 

23 

7.630 

262.1 

16 

7.992 

250,2 

24 

7.581 

263.8 

17 

7.939 

251.9 

25 

7.533 

265.5 

Foam  OiL — Paint  oU,  45''B^.  illuminating  oil,  and  miner<U  teal  oil 
are  used  as  paper  mill  foam  oils. 
Foliated  Coal.— See  La^-CoaL 
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Form  OiL — See  Concrete  Form  Oil, 

"Formolite." — For  the  determinatioQ  of  the  UQBaturated  cyclic  hydro- 
carbons in  a  mineral  oil,  Nasttdkot  (Petroleum,  4,  1336  and  1397) 
treats  the  oil  with  formaldehyde  in  the  presence  of  concentrated  sul- 
phuric acid,  whereby  a  solid  yeUow  product  is  separated,  for  which  the 
name  "formolite"  has  been  proposed.  See  also  Hehr,  Chem.-Ztg.,  34 
(1910),  893;  and  Richahdbon,  J.  Ind.  Eng.  Ckem.,  8  (1916),  310. 

Fossil  CopaL — See  Copalite. 

Fossil  Grease. — Kinahan  has  described  fossil  grease  in  the  Alketuieum, 
1883,  7  SO. 

Free-Burning  Coals. — Coals  which  do  not  cake  on  burning. 

Free  Carbon. — In  tars,  organic  matter  which  is  insoluble  in  carbon 
disulphide. 

Freezing  Machinery  Oib, — See  Compressor  Oils  and  Ammonia  Oil. 

Fuel  Oil. — (1)  Any  product  of  petroleum  used  for  the  production  of 
power  or  heat.  Fuel  oils  from  Mid-Continent  petroleum  range  from  at 
least  the  distillate  series,  down  to  and  including  any  product  which  can 
be  made  liquid  by  steam  heat  and  for  which  no  better  market  outlet 
can  be  obtained.  California  fuel  oil  has  a  grarity  of  about  17°B4.;  it 
has  a  Bash-point  of  1.'>0°F.  and  contains  about  30  per  cent,  of  asphalt. 
(2)  From  another  standpoint,  fuel  oils  are  the  distillates  heavier  than 
illuminating  oils  and  lighter  than  lubricating  oils,  ranging  from  25°  to 
dO'Bi.  On  the  employment  of  fuel  oil,  see  F.  B.  Dunn's  "Industrial 
Uses  of  Fuel  Oil,"  1916. 

See  Dislillale  Fuel  Oil  and  Reduced  Fuel  Oil. 

Oagates. — According  to  Dioscorides  and  Pliny,  gagates  occurred 
at  Gagas  or  Gages,  in  Lycia  (Asia  Minor);  it  was,  in  part  at  least,  true 
lignite  (q.t'.).     See  Jet. 

Gas  Black.^A  name  for  lampblack. 

Gas  Engine  Gasoline. — See  Motor  Gasoline. 

Gas  Engine  OIL — A  number  of  grades  of  viscous  neutral  oil  are 
marketed  for  gas  engine  lubrication.  The  following  proUuctB  serve  as 
illustrations: 
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Davis  ("Friction  and  Lubrication,"  121)  states  that  for  large  size 
gas  engines  an  oil  having  these  characteristics  is  suitable:  gra^-ity,  26° 
jjo  28°^.;  flash-point,  400°  to  475°F.;  viscosity,  250  sec.  at  70°K 
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Qas  engiiie  oils  Bhould  not  earboniie  at  the  tempamtims  attained. 
See  Autoffiobib  Oib. 

^Oaa  ntiid.''---See  A>titeard  Gbf  J!%iui. 

Oaa-Houae  Codl  Tlur. — Coal  tar  {qjt.)  produoed  in  Baa-hoiiae  letorti 
in  the  manuf aoture  <rf  illuminating  gas  from  hituininoiu  ooaL 

Oaii  NatmaL — The  gueous  produots  ariaing  from  petroleum  wella. 
See  page  488. 

'  OaaOiL — Qas  oils  are  intermediate  between  burning  oil  and  Infari- 
eating  oil  (b.p.  600^-660^.).  Qas  oil  from  Ftonsylvania  .petroleum 
UBuaQy  posseases  a  gravity  of  from  34^  to  42^36.|  a  flaah-iwint  of  28KfVn 
a  fire  test  of  270T.,  and  a  oold  test  of  20^.  A8anile,lkg.of  guoil 
yields  about  550  liters  of  gas,  850  grams  of  tar,  and  50  grama  of  ooke. 

For  a  sdeot  biUiography  <rf  gu  oils  and  oil  gas,  see  recAntbtdPoper  UO^ 
BuTMu  of  MineSf  12-14. 

*'Oa86L"— A  product  condensed  from  casing  head  gu  by  applying  a 
pressure  of  850-000  lb,  per  square  inch  at  ordinary  temperature*  It  has 
a  specific  gravity  of  0.6,  and  1  lb.  of  the  liquid  produces  7  ou.  ft.  of  gas, 
said  to  be  suitable  as  a  fuel  in  autogenous  welding.  See  AT odUfisry,  il 
(1915),  903. 

.  Gasolliid. — ^Tlus  name  has  been  applied  broadly  to  the  lighter  prod- 
ucts derived  from  petroleum,  ranging  in  gravity  from  S(fB6.  to  the  hi|^ 
gravity  products,  90°B6.  and  over,  which  are  extracted  from  the  still 
gases  by  the  compression  method. 

There  are  at  present  on  the  market  types  of  gasoline  produced  by  several 
general  methods.  These  may  be  classified  as  follows :  ''straight"  refinery  or 
normal  gasoline;  blended^  casing-head  gasoline;  and  'cracked"  or  synthetic 
gasoline.  Normal  gamline  exists  naturally  in  petroleum ;  and  'cracked  gaso- 
line" is  formed  by  the  decomposition  of  the  heavier  products.  Normal 
gasoline  has  a  low  iodine  absorption,  whereas  gasoline  produced  by  the 
cracking  process  may  have  a  high  iodine  absorption. 

The  examination  of  gasoline  should  include  gravity  test,  and  the  de- 
termination of  color,  acidity,  volatility,  and  unsaturated  hydrocarbons. 

Normal  gasoline  should  be  water-white  in  color,  of  sweet  odor,  should 
evaporate  without  leaving  any  stain  or  appreciable  odor,  and  the  iodine 
absorption  should  be  below  5  per  cent.  Normal  gasoline  is  used,  or 
rather  should  be,  in  all  dry-cleaning  establishments. 

"Cracked"  gasoline,  as  the  name  implies,  is  likely  to  fluctuate  in 
properties.  Speaking  generally,  and  of  its  application  to  use  in  gas 
engines,  it  should  show  a  low  initial  boiling  point,  and  should  have  a 
final  boiling  point  of  not  higher  than  350°F.  As  long  as  these  conditions 
are  fulfilled,  the  lowest  gravity  is  the  best  product. 

That  fraction  of  b.p.  40**  to  70®C.  obtained  in  the  refining  of 
Pennsylvania  petroleum,  consists  largely  of  pentane  and  hexane. 
The  grades  of  gasoline  and  benzine  made  from  Pennsylvania  petroleum 
vary  in  gravity  from  Sfi^'B^.  to  86®B6. ;  the  eight  grades  usually  marketed 
are  as  follows:  60**,  62**,  63**,  64**,  66^  68%  70**,  and  72**B6.  The  gasoline 
used  for  automobile  purposes  varies  from  60**  to  74**B6.'    The  heavier 
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gravities  are  extensiv-ely  used  for  nuxiog  paints  and  for  blending  witii 
condeosed  gaa  gawiline;  the  lighter  grades  are  employed  in  the  manu- 
facture of  rubber  cements  and  in  illumination.  Gasoline  from  Cali- 
fornia petroleum  usually  haa  a  gravity  of  60°B6.     (See  "Topt.") 

There  is  some  confusion  in  the  use  of  the  names  benzine,  gasoline 
and  naphtha,  but  the  best  practice  is  to  employ  the  term  gasoline  for 
any  mixture  of  light  hydrocarbons  intended  for  use  in  any  kind  of  vap- 
orizer, I.e.,  to  be  gasified  in  a  gas  machine,  gasoline  torch,  gasoline  stove, 
or  automobile  carburetor.     See  Naphtha. 

Gear  Case  OiL— A  steam-refined  cylinder  stock  often  used  for 
gear  cases,  has  a  gravity  of  23°IJ4,,  a  flash-point  of  eiO'F.,  a  fire  test  of 
no-F.,  H  cold  test  of  SCF.,  and  a  Saybolt  viscosity  of  245. 

Gedanite. — A  resin  resembling  amber,  but  not  containing  succinic 
acid  and  less  rich  in  oxygen;  it  is  found  on  the  shores  of  the  Daltio.  See 
Succinite, 

On  gedanite,  see  Helm,  Arch.  Phurm.,  (3),  13,  503;  and  Ziscken 
Berg.-Hm.  Z.,  39  (1880),  73. 

Geocerain.^ — See  Geocerile. 

Geocerellite. — A  white,  brittle,  alcohol-soluble  oxygenated  hydro- 
carbon which  melts  at  S2°C.  (BnccKNER,  J.  prakt.  Chem.,  67  (1852),  14). 

Geocerite. — A  wax-like,  white  oxygenated  hydrocarbon  which 
melts  al  about  80°C. ;  it  is  soluble  in  alcohol  and  is  unacted  upon  by 
a  hot  potassium  hydroxide  solution.  It  is  said  to  have  the  compoMtion 
C«H„0,  (Druckner,  /.  prakt.  Chem.,  B7  (1852),  14).  Geocerite  occurs 
in  the  brown  coal  of  GesterwitK.     See  Oeomyrieile. 

Geomyricin. — See  GeomyriciU, 

Geomyricite. — A  wax-like,  white  mineral,  melting  at  80°-83'C.,  and 
soluble  in  hot  absolute  alcohol  and  ether;  its  composition  (CiJiiiOj) 
is  near  that  of  certain  vegetable  waxes  (BniJcKNER,  J.  prakt.  Chem., 
67  (1852),  10).  Geomyricite  occurs  at  the  Gesterwitz  brown-coal 
deposit. 

Georetinic  Acid. — See  BmckneTeliile. 

"German  Vaseline."— This  is  compounded  by  dissolving  paraffin  or 
cere«iri  in  colorless  petroleum  oils.     See  page  643. 

Gilsonite. — Gilsonite,  or  uintait«,  is  a  brilliant  black,  very  brittle 
variety  of  asphalt  having  a  marked  conchoidal  fracture.  It  decrepi- 
tates but  fuses  easily  in  a  candle  flame,  and  is  soluble  in  carbon  disul- 
phidc  and  turpentine.  Upon  exposure  (o  air  it  readily  breaks  down  inUi 
a  brown  powder.     It  is  mined  in  Uintu  County,  Utah. 

Gilsonite  has  been  investigated  by  Day,  J.  Frank.  Innt.,  140  (1895), 
221;  Proc.  Am.  Phil.  8oc.,  87  (1898),  171;  Kldridoe,  Ann.  Rept.  V.  S. 
Geol.  Survey,  17  (1896),  !,  915;  Maguire,  Mines  and  Mimrrah,  80 
(1900),  398;  and  Pine,  ilfin.  World,  23  (190C),  610. 

Glance  Pitch.^ — In  the  glance  pitches,  which  are  very  hard  and  brittle 
bitumens,  the  saturated  hydrocarbons  are  reduced  to  between  6  and 
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7  per  cent.    EgypUaa  glance  pitch  contains  99.7  per  ceot.  of  bitui 
soluble  in  carbon  disulphide,  8.5  per  cent,  of  sulphur,  and  15  per  cent, 
of  ash-free  residual  coke.    See  Manjak. 

Glesate.— A  resin  occurring,  like  gedanUe,  witJi  succinite  on  the  shores 
of  the  Baltic;  it  has  a  brown  color  and  a  specific  gravity  of  1.015  to  1.027 
(Helm,  Schriften  Ges.  Damig,  fi  {1881),  291). 

GlosE-CoaL — A  variety  of  browa  coal,  compact,  deep  black,  with 
oonchoidal  fracture  well  developed,  possessing  a  resinous  ttr  glossy  and 
metallic  luster.  It  is  the  hardest  and  most  compact  of  the  hgnitee;  its 
specific  gravity  varies  from  1.2  to  1.5. 

"Glyco," — A  proprietary  name  for  liquid  petrolatum,  q.v. 

Glycol. — Glycol  can  be  made  from  oil  gas  by  first  chlorinating  and 
then  replacing  the  chlorine  atoms  by  hydroxyl  groups. 

"Glycolin." — ^A  proprietary  name  for  hquid  petrolatum,  q.v. 

"GlymoL" — A  proprietary  name  for  hquid  petrolatum,  g.o, 

"Goudron." — A  Russian  petroleum  product  possessing  a  specific  grav- 
ity of  not  below  0.935  and  a  flash-point  of  not  below  270°C. 

Grahamite. — A  jet-black  lustrous  hydrocarbon,  soluble  in  carbon 
disulphide  and  chloroform,  but  not  in  alcohol;  it  isfueible,  has  a  specilic 
gra\'ity  of  1.145,  and  has  a  conchoidal  fracture.  It  occurs  in  vein-like 
massea  in  Colorado,  Oklahoma,  and  West  Virginia. 

Grahamite  has  been  described  by  Blake,  Trans.  Am-  Inst.  Min.  Eng., 
18  (1890),  563;  Dumbtj;,  ibid.,  21  (1894).  601;  Kimball,  Am.  J.  Sd., 
(3),  12  (1876),  277;  Richardson,  J.  Am.  Chem.  Soc.,  32  (1910),  1032; 
White,  Bidl.  Geol.  Soc.  Am.,  10  (1899),  277;  and  WuRTz,Proe.  Am.  Asan., 
18  (1869),  124. 

Grease. — Properly  speaking,  this  term  should  only  be  applied  to  fatty 
or  oily  matter  of  animal  origin ;  but  mixtures  of  mineral  oil  with  lime- and 
soda-soaps  constitute  well-known  lubricating  greases. 

Engine-waste  grease  is  fatty  or  other  lubricating  material  recovered 
from  cotton-waste  or  wipe-rags;  it  has  been  used  in  making  axle  grease 
and  other  coarse  lubricants. 

On  lubricating  greases,  see  Gillett,  J.  Itid.  Eng.  Ckem.^  1,  351. 

"Green  Oil." — In  the  Scottish  shale-oil  industry,  the  once-run  crude 
oil  after  chemical  treatment.  It  is  distilled  in  the  firat-slage  oil  stills 
and  is  fractioned  into  naphtha,  light  oil,  heavy  oil,  and  heavy  oU  and 
wax.     See  page  835. 

"Green-Tar." — Barbados  petroleum  (Coding,  Ptoc.  Sri.  Asan.  Trini- 
dad, I  (IS67),  37). 

Grey  Shale. — The  grey  shale,  which  was  worked  at  Addiewell,  Scot- 
land, lies  above  the  Houston  coal,  which  consists  oC  several  thin  coal- 
seama.     See  page  812. 

Gulf  Binder. — This  blown  oil  is  produ<«d  from  Texas  petroleum;  it 
contains  99.4  per  cent,  of  bitumen  soluble  in  carbon  disulphide,  70.1  per 
cent,  of  bitumen  soluble  in  ^"Bi.  naphtha,  48.4  per  cent,  of  pure  bitu- 
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men  as  saturated  hydro carbonfl,  0.2  per  cent,  of  paraffin  scale,  0.71  per 
cent,  of  sulplmr,  and  14.6  per  cent,  of  ash-free  residual  coke. 

Gum  Reain. — The  semi-solid  to  solid  and  usually  light  colored 
emulsion  or  mixtures  of  true  resins  with  various  gums  (carbohydrates), 
constituting  the  sap  of  certain  plants  aod  trees,  partly  soluble  in  water. 
Guyaquillite.— A  pale  yellow,  amorphous,  non-resinous  oxygenated 
hydrocarbon,  from  near  Guyaquil,  South  America;  it  has  the  specific 
gravity  1.092,  begins  to  fuse  at  70°C.,  aud  is  soluble  in  alcohol.  See 
Johnston,  PML  Mag.,  (2),  13  (1838),  22  and  329. 

Hammer  OiL — Examples  of  oils  used  in  the  lubrication  of  steam  ham- 
mers are  steam-refined  cylinder  stocks  (q.v.),  free  from  tar,  fjeen  in  color, 
and  having  a  gravity  of  25°  or  2G''B6,,  a  flash-point  of  590°  or  010°,  a  fire 
lest  of  680°  or  710°,  a  cold  test  of  30°,  and  a  viscosity  of  220  or  245, 
Saybolt. 
Hard  Pitch. — Pitch  showing  a  penetration  of  not  more  than  10. 
HamesB  Oil. — The  leather  dressing  termed  "black  harness  oil"  ia 
thus  compounded: 

1  2 

Leather  oil  (g.D.) 40  gal.  40  gal. 

Oleic  acid 2  gal. 

Yellow  petrolatuni 12  lb.  8  lb. 

Aniline  color 1  >S  lb.  1  !^  lb. 

Nitrobeniene 2  parts  m  parts 

Ebonite  bbwik  wax 12  lb. 


The  term  "harness  oil"  is  also  applied  to  cylinder  stock  with  5  per 
cent,  of  neatefoot  oil.     Harness  oil  should  possess  a  glossy  black  color. 

Hartine. — A  white  resin  separated  by  ethyl  ether  from  a  resin  from 
the  brown  coal  of  Oberhart  {Schsotter,  Ann.  phys.  chem.,  69  (1843), 
45).    See  XyhnUinUe. 

Hartite. — This  mineral  resembles  ^Ate/i'te  closely,  but  melts  at  75°C.; 
it  occurs  near  Gloggnitz,  Austria,  and  in  Styria  and  Carinthia. 

Haidinobr  described  hartite  in  Ann.  phys.  chem.,  130  (1841),  261. 
See  also  RuMPi',  Sitz.  k.  Akad.  Wits.  Wien,  60  (1869),  91. 

Harvester  Oil. — (1)  A  product  of  high  fire  test  and  viscosity.  It  is 
sometimes  compounded  with  graphite  for  use  on  heavy  engines  and 
farm  machinery. 

(2)  Castor  machine  oil  (q.v.)  is  also  used  on  harvester  and  farm 
machinery. 

Hatchettine. — A  synonym  tor  hatchettite,  employed  by  Contbearb, 
Ann.  Phil.,  1  (1822),  136;  and  Johnston,  Phil.  Mag.,  12  (1838),  338. 

Hatchettite. — A  yellowish  white,  wax-yellow  or  greenish  yellow  hy- 
drocarbon which  darkens  on  exposure;  it  melts  at  4(J°C.,  is  sparingly 
soluble  in  boiling  alcohol  and  cold  ether,  and  is  decomposed  by  con- 
centrated sulphuric  acid.     Its  specific  gravity  varies  from  0.892  to  0.983. 
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On  hatohettite,  soe  DawAiana,  Ann.  8oc  G*oL  Bdg.^  10  (1888),  71; 
LomosT,  ibicL,  10  (1883),  113;  (3»abo,  ibid.,  18  (1881),  88;  GBJjniSLOir, 
BiiB.  Acad.  JBoy.  Bdg.,  8  (1838),  873;  (^okibbabb,  Ann.  PhU,  21  (182^), 
124;  Haxdinqbb,  SUm.  k.  Ahad.  TTte.  ITiefi,  8  (1848),  812;  Mauoir, 
Loios,  8  (1865),  122;  and  WAcmBB,  JT.  /oM.,  18e4|p.687. 

WaidHiiht  QflL— An  muminating  oil,  suitable  f or  lua  in  the  hwadHtfit 
lampB  of  looomotiyea;  it  is  U8uall]rof  160°F.  fire  test. 

''Heavy  Petrotram.OiL^— A  name  for  liquid  petndatom,  gjr. 

HdenUe. — ^A  wax  near  oiokerite,  but  dastio  like  oaoatdioac;  U  has 
a  yellow  eolor  and  a  epeoifio  gravity  of  0.016.  It  occurs  at  Bopa  in 
GUida  (NAWBATa,  IHn^%  poiyL  J.,  M8  (1883),  613). 

Heneicotane. — ^Heneicaaane  (CnHu)  has  been  aqMurated  and  identi- 
fied from  Pennsylvania  petndenm  l^  BCabbbt  (piroe.  Am.  ileod.,  IT 
(1902),  566). 

Hentricontane. — ^Hentrioontane  (CsiHm)  has  been  aqiMumted  by 
Mabbbt  (JProe.  Am.  Acad.,  40  (1904),  349)  from  the  BoUd  hydrocarbons 
that  collect  in  certain  Pennsylvania  oil  weUs. 

Heptana^tfajdene. — Concerning  heptanaphthylenes,  see  Mabxot- 
NiKOV,  /.  Bu8$.  PhyB.'Chmn.  Soe.,  84  (1902),  632  and  720;  88  (1908), 
1023;  86  (1904),  39;  and  Mabkovnixov  and  Stadmxxov,  Qrid.,  88  (ItMS), 
389. 

'  Heptane. — ^Heptane  has  been  found  in  the  lighter  distillatee  from  the 
oil  of  Zarskije  Kolodzy,  Tiflis  (Bbilstein  and  Eurbatow,  Ber.,  14  (1881), 
1620).  Normal  and  iso-hepianes  have  been  isolated  from  Pennsylvania 
petroleum.  Wabren  separated  heptane  in  considerable  amount  by 
working  on  large  quantities  of  Pennsylvania  crude  oil  {Am.  J.  Sci.^  (2), 
46  (1868),  262). 

Hezacosane. — Hexacosane  (Cs6Hm)  has  been  separated  from  Penn- 
sylvania petroleum  by  Mabert  (Proc^  Am,  Acad.,  37  (1902),  666). 
Mabert  {ibid.,  40  (1904),  355)  also  separated  this  hydrocarbon  dur- 
ing the  course  of  an  investigation  into  the  composition  of  commercial 
paraffin.  ' 

Hezadecane. — Hexadecane  (C16H84)  has  been  isolated  from  Penn- 
sylvania petroleum;  Mabert  {Proc.  Am.  Acad.,  37  (1902),  565)  de- 
scribed its  separation. 

Hezamethylene. — On  hexamethylene  from  American  and  Galician 
petroleum,  see  Fortey,  J.  Chem.  Soc,  73  (1898),  932. 

Hezane. — Hexane  has  been  found  in  the  lighter  distillates  from  the 
oil  of  Zarskije  Kolodzy,  Tiflis  (Beilstein  and  Kurbatow,  Ber.,  14 
(1881),  1620).  Normal  and  iso-hexanes  (CeHu)  have  been  isolated 
from  Pennsylvania  petroleum  (see  Warren,  Am.  J.  Sci.,  (2),  45  (1868), 
262). 

Highgate  Resin. — See  Copalite. 

Hircine. — See  Hircite. 

Hircite. — ^An  amorphous,  brown,  resinoid  oxygenated  hydrocarbon. 
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soluble  in  Rulphuric  acid  and  partly  so  in  alcohol  (Piddington,  Arch. 
Pharm.,  74,  318;  J.  As.  Soc.  Beng.,  10,  436;  16,  371). 

Hofmanmte. — A  crystalline,  colorless,  tasteless  and  odorless  mineral, 
possessing  a  specific  gravity  of  1.0565;  it  melts  at  7I°C.  and  has  the 
composition  CuHnO,  It  forms  a  white  crystalline  efflorescence  on 
lignite  in  the  vicinity  of  Siena  (Bechi,  Trans.  Accad.  Lincei,  2  (1878), 
135). 

"Honey-Stone." — See  MelUle. 

Horn  CoaL — A  variety  of  cannel  coal  Cff-i'-)  froni  South  Wales. 
-     Hiiminite. — A  hydrocarbon  from  Ostmark,  Sweden,  having  the  com- 
position (ash-free):  carbon,  67.15;  oxygen,  29.83;  hydrogen,  2.55;  nitro- 
gen, 0.47;   and  sulphur,  0.40  per  cent.   (Ekman,  ObJv.  k.   Vet.-Akad, 
Fdrk.,  26  (1868),  138). 

Humus  Add,  Native. — Native  humus  acid  has  been  found  as  a  black, 
crumbling  coaly  mass  in  the  coal-basin  at  Faikenau,  Bohemia  (John, 
Verkandl.  Oeol.  Reich.,  Feb.  3,  1891). 

HydramyL — See  Amyl  Hydride. 

Hydraulic  Press  Oil. — The  non-viscous  neutral  oil  described  under 
concrete  form  oil  has  been  recommended  for  use  on  hydraulic  presses. 

"Hydrocarbon." — Oil  of  low  specific  gravity  obtained  during  the 
compression  of  oil-gaa  and  sold  as  petroleum  ether  (g.i'.). 

Hydrocarbon  Black. — A  name  for  lampblack. 

Hydroline  "(B)." — ^This  blown  oil  originated  in  Texas  petroleum;  it 
contained  99.8  per  cent,  of  bitumen  soluble  in  carbon  diaulphide,  68  to 
71  per  cent,  of  bitumen  soluble  in  SS^Bfi.  naphtha,  57  to  64  per  cent,  of 
pure  bitumen  as  saturated  hydrocarbons,  1  per  cent,  of  paraffin  scale, 
0,41  to  0.56  per  cent,  ot  sulphur,  and  8.7  to  12.2  per  cent,  of  ash-free 
residual  coke.  It  has  been  reported  that  "Hydroline 'B'"  was  the  same 
as  byerlyle. 

.  Ice-Machine  OiL — An  oil  of  low  cold-test,  as,  for  example,  the  light 
lubricating  oils  from  Texas  crudes.  Light  spindle  oil  of  26°  to  27°Bfi. 
gravity,  60  to  100  aec.  Saybolt  viscosity  at  70°^,  325°  to  360°F.  flash, 
and  0°  to  4''F,  cold  test,  has  also  been  recommended  for  refrigerating 

"Ichthynat" — ^A  preparation  of  a  similar  character  to  ichthyol  (q.v.), 
introduced  for  medicinal  purposes.  On  its  composition,  see  Passmore, 
Chem.  and  Ihvg.,  76  (1909),  935. 

IcbthyoL — When  the  bituminous  shales  containing  fossil  fish  found 
at  Seefeld  in  the  Tyrol,  are  dry-<iistilled,  a  crude  volatile  oil  ia  obtained, 
which,  when  treated  with  an  excess  of  concentrated  sulphuric  acid  and 
subsequently  neutralized  with  ammonia,  yields  the  product  termed 
'ichthyol,"  the  nnunonium  salt  of  ichthyol  sulpbonic  acid.  It  is  used  in 
ointments  as  a  stimulant. 

On  the  composition  of  ichthyol,  see  Passmore,  Cliem.  and  Drug.,  76 
(1909),  936;  and  BjIijiiann  and  Scbopten,  Pharm.  Zenlralh.,  1883,  447. 
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'IditoitiL'*— See  oomineate  resaiding  '^iohthynat." 

Idrialfaie.— See /dryL 

Idxiafite.— A  white  minenl,  eryBtalBiie  irben  ptue,  wldeh  Ambb  at 
205''C.;  it  ocoun  in  Idxia.  Goxmcbmxxdt  (jStb.  h.  Ah.  Wim.  Wim^ 
80  (1880),  290)  baa  investigated  a  piataohio-s'een  mioflBal  lerin  of  Idiia^ 
occurring  in  nodules  and  as  an  inerustation  at  the  meronry  mines;  thk 
is  also  termed  'HdriaUte." 

On  idrialite,  see  Schabisbb,  7^K  krk.  g$oL  BmA$,,  IttU  886; 
DnnAB,  Ann.  ddnu  pAf^«.,  80  (1838),  800;  and  ScHBOmB,  Z.  p%t. 
ma<A.,  8,  245;  4|  8.    Seeldrifi. 

MxyL — ^BfiDBKBB  reported  that  a  Uaek  material  obtained  from  the 
mercury  condensation-chambers  at  Idria  afforded  a  sufastanoe  ^riiieh  he 
termed  idryl,  supposing  it  to  be  the  radical  of  idrfoNis. 

On  idryl,  see  Bodsxxb,  Ann.,  68  (1844),  100;  Gtoimomanyr,  Ails. 
Jb.  Akad.  Wiss.  Wien,  76  (1878),  310;  81  (1880),  416;  and  ScaBBonn, 
Ber.  detdseh.  Nat.  TeraommZ.,  1887, 117. 

Illuminating  Oila. — ^These  oils  are  the  products  heavier  than  gsanline, 
ranging  from  90^  to  260^F.  flash-point.  Like  gasoline,  th^  are  divided 
into  two  general  classes,  depending  whether  they  are  normal  or  "  eraeked' 
products.  The  usual  tests  applied  to  burning  oils  are:,  gravity,  flaab- 
point,  fire  test,  distillation,  sulphur  detennination,  viscosity,  ookv  and 
burning  tests. 

There  are  several  grades  of  illuminating  oils,  which  may  be  roughly 
classified  as  follows:  1.  45°  to  47°B^.  gravity,  usually  called  "water- 
white"  burning  oil  (normal  product);  fire  .test,  150**F.  or  better.  2. 
43®  to  45®B6.  gravity,  usually  called  "standard  white **^  burning  oil 
("cracked"  product);  fire  test,  IGO^T.  or  better.  3.  Below  43**B«. 
gravity,  a  cheaper  product  which  may  be  either  normal  or  "cracked;" 
fire  test,  llO^F.  or  better.  4.  SOO^F.  fire  test,  known  as  "300**  Oil," 
"  Mineral  Sperm,"  "  Mineral  Colza "  or  "  Mineral  Seal." 

The  first  three  grades  are  ordinary  kerosene  lamp  oils.  "300**  Oil"  is 
used  as  an  illuminating  oil  in  cases  where  a  great  degree  of  safety  ia 
required. 

The  most  practical  test  to  apply  to  illuminating  oils  is  to  make,  an 
actual  burning  test,  taking  into  consideration  the  incrustation  of  the 
wick  and  diminution  of  the  flame.  These  tests  are  merely  comparable 
and  require  some  practice  in  order  to  judge  the  quality  of  the  oil-  Pro- 
vided the  flash  is  satisfactory,  the  best  burning  oil  is  that  with  the  ioweet 
viscosity,  lowest  iodine  absorption,  highest  gravity,  lowest  sidphur,  and 
best  color. 

See  Kerosene, 

Impsonite. — ^An  asphalt  found  in  Oklahoma;  it  is  much  like  albertite 
(g.t;.),  but  is  almost  insoluble  in  turpentine. 

Incubator  OiL — ^An  illuminating  oil  possessing  a  gravity  of  48**  and  a 
fire  test  of  150^.    Such  an  oil  should  be  low  in  cold  test,  and  bum  a 
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lamp  out  dry  with  as  little  as  possible  diminution  of  fiame  or  charring 
of  wick. 

Insect  Oa. — A  non-viscous  neutral  oil  of  the  same  grade  as  amcreU 
form  oil  or  paint  oil. 

Intermediate  Oils. — The  specific  gravity  of  these  distillates  from  shale 
oil  varies  from  0.84  to  0.87 ;  they  are  used  for  gas-making  and  at  800°  to 
GOCC.  a  good  Scottish  intermediate  oil  will  yield  1,200  c.p.  per  gallon. 

See  Cos  Oil. 

"Interol." — A  proprietary  name  for  liquid  petrolatum,  q.v. 

lonite. — A  fossil  hydrocarbon  found  in  a  more  or  less  impure  condi- 
tion in  the  lignite  of  lone  Valley,  Amador  Co.,  Cal.;  it  has  a  brownish 
yellow  color  and,  while  only  partially  soluble  in  alcohol,  is  completely 
dissolved  by  chloroform;  it  yields  a  brown  tarry  oil  on  destructive  dis- 
tillation (PuRNELL,  Min.  Sd.  Preat,  Mar.  24,  1877;  Am.  J.  Sci..  16 
(1878),  163). 

Isodurol  Derivatives. — These  are  considered  by  Bibi.epei.dt  in  Ann., 
198  (1879),  380. 

"Isurol." — See  comments  regarding  "ichthynat," 

Izotfte. — An  amorphous,  hyacinth-red,  greasy  hydrocarbon  mineral 
which  softens  at  76°C.  and  resembles  hartiU;  it  is  found  atOberhart, 
near  Gloggnitz,  Austria.  Ixolyte  was  described  by  Haidinoer  in  Ann. 
phys.  chem.,  1S2  (1842),  345. 

Jaulingite. — A  resin  found  in  the  Jauling,  near  St.  Viet,  Lower  Austria; 
it  resembles  succinite  (see  Zepharovich,  Ber.  Akad.  Wiaa.  Wien,  16 
(1855),  366). 

Jelly,  Mineral. — See  Peirolaium. 

Jet.^Jet,  azabache,  gagat  and  black  amber  are  classes  of  lignite. 
The  name  "gagat"  is  derived  from  the  river  Gages,  in  Lycia,  at  whose 
mouth  this  substance  occurs.  A  dense,  jet-like  coat,  with  conchoidal 
fracture,  so  hard  and  firm  that  It  can  be  filed  and  polished  for  ornaments. 
The  Bcntheim  gagat  is  a  vein  in  sandstone,  not  a  stratum. 

See  Lignite. 

"Jet  Black." — A  name  for  lumpblMk. 

Journal  Oil. — See  MacMne  Oil. 

Jura.  Asphalt. — On  the  origin  of  Jura  asphalt,  see  Sceardt,  Arck.  tci. 
pkys.  Genive  Nat.,  (4),  23  (1907),  611. 

Kabaite. — A  hydrocarbon  related  to  ozokerite  or  acheererite,  found  in 
meteorites  (Mbunieh,  Compt.  rend.,  109  (1889),  977). 

Kaiser  Oil. — A  burning  oil  of  European  manufacture;  it  possesses  a 
specific  gravity  of  0.780  to  0.800  at  15°C,  See  Bdchneb,  Dingkr'a 
polyt.  J.,  227  (1878),  381. 

Kandol. — See  Canadol, 

Kerogen. — A  term  applied  to  the  bituminous  material  in  Scottish 
oil-shale;  upKtn  destructive  distillation  of  the  shale,  kerogen  gives  rise  to 
crude  shale  oil.     See  pages  807  and  816. 
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Korotelaie  (KeriMdJiie).— A  mixture  of  hydroearbons  from  ooal  or 
albwtite  oilf  eqaivatont  to  petrolmim  etber,  poiwwwing  a  boiling  point 
of  9(fF.;  it  was  proposed  by  Bxo^w  {JMUm  Med.  Surg.  J.^  Jnlgr  11, 
18U)  as  an  ilgent  for  prodaoing  anegtheria  by  inhalation.  0^  karoM- 
lene,  see  also  Pabzsh,  Am.  /.  Phami.,  (3),  •  (1861),  806. 

Karoaeno. — ^A  mixture  oi  hydiocarbons  wbooe  ayenige  boiling  poiAt 
IB  about  450^F.,  freed  on  the  one  hand  from  gaaoKne  or  naphtha  and  on 
the  other  hand  from  the  heavy  hydroearboni  that  bekmg  to  gaa  oil  and 
lubricating  oil,  which  would  make  the  oil  act  badly  in  lampa.  Keroaene 
contains  nonane  (CfHst),  deoane  (Ci«B[ts),  etc.,  and.  ia  uaed  as  ab  il- 
luminating oiL  The  following  are  the  rules  of  the  New  York  Fkodnoe 
Exchange  relating  to  kerosene:  ''Refined  petroleum  shall  be  standard 
w^te  or  better,  with  a  burning  test  of  ll(nP.  or  upward,  and  of  a 
gravity  not  below  44*1M.,  'United  States  Dispensatory'  standard. 

"The  burning  test  of  refined  petroleum  shall  be  determined  1^  the 
use  of  the  Saybolt  deetric  instrument,  and  shall  be  operated  in  arriving 
at  a  result  as  follows:  In  110*  and  upward,  the  flashing-pointay  after 
tbe  first  flash  (which  will  generally  occur  between  90°  and  96*),  shall  be 
taken  at  95*,  100*,  104*,  108*,  110*,  112*  and  116^.  In  120*  and  up- 
ward, after  first  flash,  at  100*,  105*,  110*,  115*,  118*,  120*,  122*,  and 
125*.    In  190*  and  upward,  every  5*  until  burning  point  is  reached." 

Two  well-known  kerosenes  from  Pennsylvania  petroleum  posseas  re- 
spectively gravities  of  48.5*  and  45*  and  fire  tests  of  150*F.  and  175*F. 
See  lUumincUing  Oils.  , 

Generally  speaking,  the  burning  oils  manufactured  in  the  United 
States  are  of  the  following  grades:  Fire  test,  110*F.;  Abel  test,  70**F. 
Fire  test,  120**F.;  Abel  test,  73**F.  Fire  test,  150*F.  The  last-men- 
tioned is  nominally  "water-white,"  and  the  others  range  in  color  from 
"prime- white"  to  "standard-white"  (straw  color  to  pale  yellow). 

Kerosene  Distillate. — (1)  See  "Keroaene  Stock"  (2)  See  Power 
Distillate. 

Kerosene  Shale. — Speaking  broadly,  this  term  may  be  applied  to 
any  bituminous  or  oil  shale  from  which  illuminating  oil  has  been  or  may 
be  obtained.  The  term  is  specifically  applied,  however,  to  the  oil- 
shale  found  in  New  South  Wales,  although  this  kerosene  shale  is  more 
of  the  nature  of  a  cannel  coal  or  a  torbanite,  and  *does  not  possess  the 
properties  of  a  shale.  The  best  grades  of  kerosene  shale  3rield  150  gal. 
of  crude  oil  per  ton,  but  the  shale  at  present  being  worked  by  two  com- 
panies of  New  South  Wales  yields  from  60  to  120  gal.  of  oil.  See  page 
842. 

See  J.  Roy.  Soc.  Arts,  66,  748;  Baker,  U.  S.  Cons.  Repi.,  1908,  No. 
333,  107;  Carne,  Mem.  Geol.  Survey  N.  S.  Wales,  Geol,  No.  3  (1903), 
333;  Dawkins,  Rept.  Brit.  Assn.,  1886,  643;  Plummer,  Eng.  Min.  J., 
78  (1904),  66;  Robertson,  Trans.  Min.  Inst  Scot,  14  (1892),  88; 
Skey,  Ann.  Rept  Col.  Mu9.  Loib.  N.  Z.,  28,  50;  26,  56;  29, 19;  and  31, 10. 
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See  Shale  Oil. 

"Kerosene  Stock." — (1)  "Burning  oil  stock,"  or  "burning  oil  cUs- 
tillate,"  described  on  page  460.  (2)  In  California  practice,  a  product 
having  an  amber  color  and  a  gravity  of  40°  to  42''B6. 

Kerosenic  Acid. — Tlie  preparation  of  pure  kero3enic  acid  and  its 
salts  has  been  described  by  Tujeman  in  Tnidi  Bak.  Old.  Imp.  Rwsk. 
Tcckn.  Obsch.,  1893,  56. 

Kimmeridge  Shale.— Extensive  deposits  of  bluish  gray  slaty  clay, 
containing  more  or  less  volatile  matter,  and  interstratified  with  thin 
beds  of  highly  bituminous  shale,  occur  in  Dorsetshire.  This  clay,  which 
is  a  member  of  the  Upper  Oolite,  attains  in  places  a  thickness  of  as  much 
as  600  ft.  The  deposits,  which  take  their  name  from  the  village  of 
Kimmeridge,  in  the  Isle  of  Purbeck,  were  worked  as  early  as  the  six- 
teenth century,  as  a  source  of  alum.  Locally  the  shale  is  known  as 
"Kim-coal,"  and  it  has  been  used  in  the  district  as  an  inferior  fuel. 

Of  the  various  seams,  the  richest  in  bituminous  matters  appears  to 
be  that  which  is  termed  the  Blackstone.  This  bed  is  about  2  ft,  in 
thickness,  and  in  laboratory  experiments  the  material  gave  39  per  cent, 
of  oUy  and  solid  volatile  products  (2.3  per  cent,  of  light  oil  or  naphtha, 
and  36.7  per  cent,  of  heavy  oil  containing  1.9  per  cent,  of  paraffin), 
18  per  cent,  of  gas,  water,  ammonia,  etc.,  and  43  per  cent,  of  coke.  In 
1876,  Patterson,  of  the  Warrington  Gas  Works,  reported  that  a  ton  of 
the  Kimmeridge  shale  yielded  an  average  of  67.25  gal.  of  crude  oil  (con- 
taining 20  per  cent,  of  ndphtba  and  3  per  cent,  of  paraffin),  11  gal.  of 
liquor  containing  6  per  cent,  of  ammonia,  and  from  1118  to  1187  lb,  of 
coke. 

See  Bdhton  Green's  "Kimmeridge  Shale;  its  Origin,  History,  and 
Uses,"  London,  1886;  and  Manfield,  Afin.  /.,  Feb.  19,  1916. 

"Kingle," — Darren  "blaes,"  or  ribs  of  hard  calcareous  or  quartzoae 
matter,  destitute  of  bituminous  matter,  occurring  in  the  Scottish  oU- 
s  hale  a. 

"Kiton." — A  mixture  of  clay  and  tar,  proposed  by  Raschih  for  dust- 
laying. 

Knitting  Machine  OiL^The  following  neutral  oils  have  been  recom- 
mended for  knitting  machines  lubrication: 


OraviLy 

PlMb-pomi 

Hrglen 

Cold  teal 

St^yboll  vl>iM«lt]r 

32?i°Bfi. 

415'F. 

480°F 

ZO-'F. 

200 

34' 

340' 

400' 

20- 

80 

34ti^ 

340° 

400° 

20= 

75 

36- 

340° 

400° 

20' 

70 

L 


K8flftchite.~A  resin  ocenrriiig  in  the  Tertiary  brown  coal  of  Lauko- 
witE  near  KSSach  in  8tyria;it  has  a  specific  gravity  of  1.2  to  1.25,  fuses 
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at  96^.,  18  soluble  in  ether  and  carbon  dunlphide^  and  is  wportod 
to  have  the  composition  CmH^^s  (DoBum,  MiUIL  Vmr.  JSMmMffc, 
1878,93). 

KOoHte.— A  reddish  brown  to  jeUow,  sctft,  amorphoiis  hydioearbon 
mineral  which  has  a  specific  gravity  ci  0.88,  a  melting  poiiit  of  114*0., 
and  distils  at  200^C. ;  it  is  found  at  Utinach,  Switwriand,  and  at  Badwiti, 
Bavaria  (Eraub,  Ann.  p%s.  ehsm.,  48  (1888),  141;  TBomiBDom; 
Arm.,  81,  126). 

Kiant^te. — A  seotile,  somewhat  elastic  yellow  resin,  wliidi  poaseanB 
a  specific  gravity  ci  0.968,  fuses  at  228%,  and  whose  oompoaition  cor- 
responds nearly  to  the  fonnula  CmHmO^  (Bnomuinr,  J.  pnkL  CkmL, 
76  (1859),  66). 

Lake  OIL — A  Russian  fuel  oil  which  hais  a  specific  gravity  of  0J8M  to 
0.985  and  a  flash-point  of  not  bdow  70H3. 

"lAke  Pitch.''— Asphalt  from  the  Fitch  Lake,  Trinidad;  lak»  pitch 
is  richer  than  the  land  pitch  (gjr.)  in  bituminous  matter  soluble  in  pe- 
troleum spirit. 

Lampblack.— A  imxiuct  obtained  directly  from  natural  gas  1^  burn- 
ing the  latter  under  plates  or  rolls.  On  the  manufacture  of  lampblack, 
see  Cabot,  /.  8oe.  Chem,  Ind.,  18  (1894),  128;  Butubb,  Min.  Bn§. 
WoM,  Oct.  28, 1911;  and  Nbft,  Dingkf'a  polyL  /.,  881  (1879),  177. 

Lamp  OiL — See  IttuminaHng  OUa  and  Karowne. 

**Land  Pitch." — ^Asphalt  from  the  deposit  in  Trinidad  Isring  between 
the  Pitch  Lake  and  the  tieacoast. 

See  "Lake  Pitch." 

Leaf-CoaL — ^Leaf-coal,  or  foliated  coBl,  is  a  lignite  formed  of  super- 
imposed layers;  Westerwald  leaf-coal  contains  62.8  per  cent,  of  carbon, 
6.7  per  cent,  of  hydrogen,  17.3  per  cent,  of  oxygen  and  nitrogen,  11  per 
cent,  of  ash  and  24.6  per  cent,  of  water. 

Leaf-Shale. — ^The  products  of  the  distillation  of  leaf-shale  are  as 
follows: 

Tar:  specific  gravity,  0.88  to  0.93 5  to  25  per  cent. 

Crude  distillate:  specific  gravity,  0.70  to  0.85 0.10to6percent. 

Crude  distillate:  specific  gravity,  0.85  to  0.90 3  to  12  per  cent. 

Crude  paraffin 0.25  to  1  per  cent. 

(Waoenmann,  Dingler^8  polyt.  J.,  146  (1857),  309). 

Leather  OiL — ^A  non-viscous  neutral  oil  of  the  same  grade  as  concrete 
form  ail 

Leucopetrin. — See  Leucopetrite, 

Leucopetrite. — ^A  substance,  between  a  resin  and  wax  in  character, 
found  in  a  brown  coal  at  Gresterwitz,  near  Weissenfels;  it  crystallises  in 
white  needles  from  ether  and  boiling  absolute  alcohol,  and  melts  above 
lOC'C.  According  to  Bbuckneb  (/.  proA^.  Chem.,  57  (1852),  1),  it  has 
the  formula  CioHsiOt. 
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libollite. — A  kind  of  asphalt  occurring  near  I.ibollo,  in  western  Africa; 
it  reaembles  albertite  {Gomes,  Comm.  Dir.  Trabolhos  Oeol.  Portugal,  3 
(1S96-8),  244  and  290;  4,  206). 

Light  Ligroin. — See  Canadot. 

Lighthouse  OiL — The  United  States  Lighthause  establishment  re- 
quires that  mineral  oil  supplied  for  use  in  lighthouse  lamps  shall  possess 
a  specific  gravity  of  not  less  than  O.S02,  a  flash-point  of  not  less  than 
140°F.,  and  a  fire  test  of  not  less  than  154°F.  In  a  fifth-order  Hains 
lamp,  tfao  light  is  to  be  equal  to  that  of  eighteen  sperm  candles  and  is  to 
continue  undiminished  during  5  hr.  burning. 

"Light  Petroleum." — A  petroleum  product  possessing  a  boilhig  point 
of  70''-))0''C.  and  a  specific  gravity  of  0.650-0.666  (85°-80°B6.).  It  is 
employed  as  a  technical  solvent  for  caoutchouc,  asphalt  and  fatty  oils, 
and  for  the  carburation  of  air  in  gas  machines.  The  light  petroleum 
used  in  (he  laboratory  for  extractions  varies  from  88°B6.  to  62°B6. 

Light  Slushing  OtL — A.  non-viscous  neutral  oil  of  the  same  grade  as 
concrete  form  oil. 

Lignite. — Under  this  name  are  comprised  a  number  of  substances 
which  lie  between  peat  on  one  side  and  bituminous  coal  on  the  other. 

The  methods  in  use  in  the  destructive  distillation  of  brown  coal,  or 
lignite,  an  industry  of  some  importance  in  Saxony,  bear  a  close  resem- 
blance to  those  on  which  the  shale  oil  industry  of  Scotland  is  founded. 
The  tar  obtained  from  lignite  by  slow  distillation,  is  fractionally  dis- 
tilled and  purified.  For  information  relating  to  the  treatment  and  com- 
position of  lignite  tar,  see  vov  Boyen,  Ckem.-Zlg.,  14,  267  and  289; 
Z.  angew.  Chem.,  1891,  101  and  261;  and  Heusler,  Ber.,  26  (1892),  60 
and  65. 

For  the  chemistry  of  lignite,  see  Clarke,  Bidl.  U.  S.  Geol.  Svrvey, 
No.  491,  711.  On  methods  of  utilizing  lignite,  see  T)AaiANO,  J.  Oas 
Ltg.,  131  (1915);  456. 

See  Pilch-Coal. 

Lignite  Oils. — Heavy  lignite  oils  possess  a  specific  gravity  of  0.99  to 
0.97,  a  faint  odor  of  creosote,  and  usually  a  low  viscosity.  They  dis- 
solve to  the  extent  oE  20  to  60  per  cent,  when  shaken  with  two  volumes 
of  cold  ethyl  alcohol. 

Ligroin,— A  term  rather  loosely  applied.  It  may  denote  a  refined 
petroleum  distillate  of  boiling  point  120°-135°C.,  but  is  occasionally 
applied  to  lower  boiling  fractions,  such  us  beozoline;  in  general,  it  is  held 
to  be  another  name  for  light  petroleum  (g.n.),  Russian  "ligroine"  is  a 
naphtha  having  a  boiling  point  of  100°  to  120°C.  and  a  specific  gravity 
of  0.707  to  0.722  at  15°C. 

On  the  distillation  of  ligroin,  see  Rfucbardt,  Apoth.-Zlg.,  1868,  12. 

Limmer  Asphalt — Limmer  rock  contains  8.26  per  cent,  of  material 
soluble  in  carbon  disulphide.  It  has  been  described  by  UoffMjU«k, 
Z.  praki,  Geol,  3  (i805),  370. 
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UttMOd  Oa  Adulterant— See  Paint  Oil. 

**tkciA  Ubotane,"— A  proprietar>-  name  for  liquid  petrolatum,  q.f. 

Uvdd  Bftvaillious  Material. — Bituminous  material  whicb  shows  s 
{Moatntfan  at  Dbrmal  temperature  under  a  load  of  50  grama  applied 
for  1  KO.  ot  man  than  3o0. 

U^ldd  Tndl.— -The  liquid  fuels  moat  frequently  used  are:  petroleum 
•ad  reflnnjr  reiidueB,  shale  oil,  tar  from  the  drj'  distillation  of  coal  and 
wood,  tbs  tN  oUb  obtained  by  tlie  (Jigtillation  of  coal  tar,  benune,  and 
dnuttumd,  mrthj'lnted,  or  wood  alcohol. 

On  liqdd  fmla,  m*  Boom*!  "Idqtiid  Foal  ud  Ite  ApfMntaM,"  Nor 
York,  IMS. 
■   Liquid  Pmflhi.— A  name  for  liquid  petrobtum,  qM. 

Uqnld  Potr^tonu— 6ee  Patntahm  (LiTwd). 

**Uqtdd  SutAno.'*— A  {HppneUrr  name  Ua  liquid  petroUtom  fjt' 

"Iittfr-CartMa.*'-rA  praduot  obt^ned  ftom  bituiiiinow  Kmf^nnn  of 
Umlde  County,  Texas.    It  baa  beea  uaed  in  wni^  makaw andlbr  m- 


—A  i^aterad  name  for  petrolatum,  q.w. 

Loom  OIL — A  hxa-Yj  ainiidle  oiL  Tlie  following  viaoouB  tteotnl  oil  ta 
employed  for  heavy  loMna:  gravity,  Sl'Sd.;  flaah-point,  416V.;  Ira 
1«at,480V.;oold  tart,  90T.;  and  Sayboltvisoonty,  210.  A tunt-viaoaaa 
neutnd  oil  posaesaing  a  gravity  of  34.5*B^.,  a  flaBK'^>oint  of  340^.,  a 
fire  test  of  400°F.,  a  cold  teat  of  20^.,  add  a  Saybolt  viacoHity  of  76,  is, 
however,  sometimes  used  on  looms  when  a  light  oil  is  desired. 

Lubricating  Greaaea. — ^These  lubricants,  which  are  employed  to  some 
extent  on  account  of  their  easy  and,  in  some  cases,  economical  applica- 
tion, consist  of  solutions  of  lime-soaps  or  lime-aUcali-^oapa  in  mineral 
oils;  mixtures  of  wool-grease,  tallow,  alkali  soaps,  etc.,  with  mineral  oil; 
or,  in  the  case  of  axle  or  wagon  greaaes,  of  lime-soaps,  rosin  oil,  lignite- 
tar,  coal-tar  oils,  magnesium  silicates  (talcum),  etc.     See  "Oiidag" 

Lubricating  OiL— See  Cyliruier  Stocks,  Neural  Oil,  Paraffin  OiU,  and 
the  various  lubricating  oils  for  special  purposes,  as,  for  example,  Engine 
Oil,  Machine  Oil,  Spindle  Oil,  Transformer  Oil,  etc, 

Lyncurium. — See  Succinite. 

Machine  OiL — Three  grades  of  machine  oil  are  made  by  some  lefiitera 
from  parafHn-base  petroleum:  these  possess  gravities  of  29.4°,  29°,  and 
28.5°B^.;  Saybolt  viscosities  of  295,  400,  and  700  at  70°F.;  flaah-pointa 
of  415°,  430°,  and  440°F.;  fire  tests  of  480°,  490°,  and  500°F.;  and  cold 
t«st8  of  20°?..  15''F.,  and  15°F.,  respectively.  The  general  color  ia  red, 
A  viscous  neutral  oil,  atock-loaded  and  red  in  color,  posaeasing  a  gravity 
of  30.5°B4.,  a  flaah-point  of  SfiST.,  a  fire  teat  of  450°F.,  a  cold  t««t  oi 
30°F.,  and  a  Saybolt  viacosity  of  240,  is  also  marketed  under  this  name. 

Machinery  Oils. — See  Engine  OH,  Machine  Oil,  Neutral  Oil,  Cylinder 
Stocks,  and  the  various  lubricating  oils  which  are  defined  under  thur 
trade-names,  as  Compressor  Oils,  Dynamo  Oils,  etc. 

MalQia. — A  dark  colored  and  viscous,  naturally  occurring  hydro* 
carbon  complex,  insoluble  in  water,  but  completely  soluble  in  oarboo 
diaulpbide,  benzol,  etc.    It  ia  also  termed  piaeaaphalt. 
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Manjak. — A  variety  of  bitumen  found  in  Uvalde  County,  Texas 
(SmUhson.  Rept.,  1889,  445). 

On  Barbados  manjak,  see  Bedson,  Tram.  Inst.  Min.  Eng.,  16  (1899), 
388;  Emtaoe,  J.  Soc.  Arts,  62  (ISKM),  367;  and  Mebbivai.b,  Tram. 
Fed.  JtmI.  Eng.,  14,  539;  16  (1S98),  33. 

On  Marbela  manjak,  see  Guppt,  Geol.  Mag.,  1  (1904),  276. 

On  Trinidad  manjak,  see  Henry,  Bull.  Imp.  Insl.,  1  (1903),  ISO;  and 
RAsPAsa,  Trans.  Inst.  Min.  Eng.,  36  (1909),  119. 

See  also  AspbaU. 

"Marine  Oil." — An  iUuminating  oil  for  use  on  ehipe.  A  refined  dis- 
tillate between  the  specific  gravities  0.825  and  0.848,  with  a  fiaah-point 
of  225°F.,  has  been  reuommended  for  marine  purposes.  Not  to  be  con- 
founded with  marine  animal  oils  (fish  oils,  liver  oils,  and  blubber  oils). 

Mastic. — A  mixture  of  bituminous  material  and  fine  mineral  matter, 
suitably  made  for  use  in  highway  construction  and  for  applicadoQ  in  a 
heated  condition. 

"Mastic"  ia  prepared  for  use  in  paving  by  mixing  hot  aspbalt-rock, 
ground  to  a  fine  powder,  with  such  proportion  of  hot  bitumen,  similar 
to  that  contained  in  the  natural  rock,  that  the  product  contains  about 
15  per  cent,  of  bitumen  and  85  per  cent,  of  limestone.  "Gritted  as- 
phalt-raastic "  is  composed  of  the  mastic  already  described,  remeited 
with  5  per  cent,  of  bitumen,  and  from  30  to  40  per  cent,  of  clean  dry 
fragments  of  limestone  or  sand.  For  use  in  preparing  mastic,  the  bitu- 
men extracted  from  Seyssel  asphalt  is  stated  t<J  possess  th^  desired  quali- 
ties in  the  highest  degree. 

See  LE\'y,  Bull.  soc.  ind.  min.,  (2),  1  (1872),  67. 

Masut. — A  Russian  petroleum  product:  crude  oil  deprived  of  volatile 
light  substances  by  exposure  to  air — specific  gra\ity  above  0.880;  flash- 
point above  70''C.  (15S°F.}. 

See  Oslatki. 

Mat.^ — See  "Carpet." 

Matrix. — A  composition  or  material  forming  a  oushion,  or  binding 
the  aggregate  together,  for  use  in  the  construction  of  pavements. 

Mazout  or  Mazut.— See  Mosul, 

Medicinal  OiL — See  Pelrolalum  {Liquiil). 

"Med-0-LirL"^A  proprietarj'  name  for  liquid  petrolatum,  q-». 

MelanasphalL — On  this  variety  of  asphalt,  see  Wbthehii.l,  Tran». 
Am.  Phil.  Soc,  (2),  10  (ISo3),  353, 

Melanchyme. — A  bituminous  substance  found  in  masses  in  the  brown 
coal  of  Zweifelsruth,  Bohemia  (ilAmtNGER,  LoIob,  1,  85,  216;  6,  80; 
8,  3).  That  part  of  this  substance  which  was  soluble  in  alcohol  was 
termed  rochlederile,  the  residue  melanellile. 

Melanellite. — That  portion  of  melanchyme  which  is  insoluble  in 
alcohol;  it  is  black  and  gelatinous. 

Mellite. — A  rare  mineral,  also  called  "honey-stone,"  which 
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in  tetragonal  or3r8tal8  and  nodular  mnawH  of  a  hon^-yellow  oolor  in 
the  Thuringian  lignite  beds;  it  is  said  to  be  an  aluminum  meDitaieu 

See  MxLiON,  Lotos,  8  (18fi5),  122. 

Menat  QU-Shaleaw— For  aooounte  of  these  shales,  oee  Boimiorp 
BuQ.  Soe.  GM.  Franeo,  (2),  8  (I860),  39;  and  Lmoo%  Ann.  SeL  Ind. 
Auoergne,  2  (1829),  438. 

Mers^  '^elknr  CoaL"— 6ee  TammmUo. 

Mesilij^eiie. — ^Aieslt^ene,  an  isomer  of  eumeoe,  was  isolated  bj 
Laghowics  from  Galioian  oil,  by  Englbb  from  the  petroieaois  erf 
America,  Hanover,  Galitia,  Italy,  and  Eisass,  and  l^  MAMXOvmEOf 
from  the  oil  of  Baku.  Poni  (Ann.  Sd.  Univ.  Jaaty,  8  (1903),  66)  re- 
ported the  presence  ci  mesitylttie  in  Bumanian  oil|  in  the  portion  bofliag 
between  100^  and  200^G.  KRAifaH  and  Bottchbb  found  mesl^ykne  in 
German  petroleum. 

On  the  presence  of  mesitylene  in  petroleum,  see  Engubb,  Ber.,  18 
(1885),  2234. 

"Meteor^. — A  Russian  illuminating  oil  which  has  a  spedfio  gravity  of 
0.806  to  0.810  and  a  flash-point  not  bdow  28^G.  by  the  Abel-PteiBl^ 
test. 

Meter  OIL — An  oil  of  low  cold  test,  like  the  li|^t  lubricating  oils  from 
Texas  crudes.    See  Ice-Machine  Oil. 

Methylpentamethylene. — On  the  presence  of  this  hydrocarbon  in 
Caucasian  petroleum  ether,  see  Aschan,  Ber.,  31  (1898),  1803. 

Mexican  Fluxes. — The  flux  produced  from  Mexican  petroleum  is 
differentiated  from  paraffin  fluxes,  semi-asphaltic  fluxes  and  asphaltic 
fluxes  by  marked  characteristics,  such  as  the  fact  that  it  contains  a  high 
percentage  of  sulphur,  yields  a  high  ash-free  residual  coke,  contains  2 
per'^cent.  or  more  of  hard  paraffin  scale,  while  only  80  per  cent,  of  it  is 
soluble  in  88^B^.  naphtha,  as  compared  to  over  90  per  cent,  in  the  case 
of  the  other  residuals.  However,  as  far  as  the  density  and  percentage 
of  saturated  hydrocarbons  are  concerned,  Mexican  fluxes  can  be  re- 
garded as  asphaltic  fluxes.    See  Flux. 

Middletonite. — ^A  brown,  resinous,  brittle  mineral  found  between 
layers  of  coal  at  the  Middleton  collieries,  near  Leeds,  England,  and  also 
at  Newcastle;  it  had  the  specific  gravity  1.6,  was  not  altered  at  210^C., 
and  was  soluble  in  cold  concentrated  sulphuric  acid. 

See  Ebcbleton,  Trans,  Midland  InsL  Eng,f  6  (1878),  154;  and  JoHiro- 
TON,  Phil  Mag.,  (2),  12  (1838),  261. 

Mine  Machine  OiL — ^A  non-viscous  neutral  oil  of  the  same  grade  as 
concrete  form  oil  or  of  black  lubricating  oil  of  —  15°F.  cold  test. 

Mineral  Adipocire. — See  Hatchettite. 

Mineral  Burning  Oils. — Oils  suitable  for  burning  with  a  wick,  e.9.,bel- 
montine  oil,  cazeline  oil,  colzarine  oil,  mineral  seal  oil,  and  pyronaphtha. 

See  Illuminating  Oils  and  Kerosene, 

Mineral  Caoutdiouc — See  Elaterite  and  Helenite,  also  Caautehouc 
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Mineral  CharcoaL — A  fibrouB,  soft,  charcoal-Uke  Bubstancc,  found 
covering  the  surfaces  between  layers  of  coal;  it  has  been  observed  in 
coal  of  all  ages. 

"Mineral  Colza,"  or  "Mineral  Colza  OiL" — See  "Mineral  Seal  Oil." 

"Mineral  Gelatine." — A  base  for  castor  machine  oils,  q.v. 

"Mineral  Glycerine." — A  name  for  liquid  petrolatum,  q.v. 

"Mineral  Jelly."^Sfee  Petrolatum. 

"Mineral  Naphtha."— See  Naphtha. 

"Mineral  Oil," — A  name  applied  to  liquid  petrolatum,  q.v. 

Also  a  name  for  both  crude  petroleum  and  the  lubricating  oils 
produced  t!i  ere  from. 

Mineral  Pitch. — See  AaphaU, 

Mineral  Resins. — A  term  applied  to  the  solid  bitumens  (see  Bitumen). 

"Mineral  Seal  OiL" — A  term  which  is  applied  to  an  oil  of  the  gravity 
38.5°  to  39°B(5.,  adapted  for  lighthouse  and  locomotive  lights.  It  has 
a  fire  teat  of  SOO"!*'.,  a  flash-point  of  255^,,  and  a  viscosity  of  45  to  50 
at  100°F.  on  the  Saybolt  universal  instrument. 

Mineral  Spenn  Oil. — See  "  Mineral  Seal  Oil." 

"Mineral  Turpentine." — See  Turpentine  Sitbstittdes. 

Miners'  OiL^This  term  is  usually  applied  to  a  neutral  oil  of  the  same 
grade  as  pninl  oil. 

66°  to  68°B6.  gasoline  is  used  in  safety  gasoline  lamps;  sperm  oil  or  a 
mixture  of  GO  per  cent,  of  sperm  oil  and  40  per  cent,  of  mineral  seal  oil 
is  employed  in  safety  oil  lamps. 

"Compounded  miners'  oil"  may  consist  of  the  grade  described  as 
pairtl  oil  or  as  mineral  teal  oil,  compounded  with  either  cottonseed  oil 
or  refined  white  fish  oil.    Such  oil  must  possess  a  good  cold  test. 

"Miners'  Wax." — A  refined  paraifin  wax  of  the  melting  point  118° 
to  I30°F. 

"Min-Seed  OiL" — A  bloomless  petroleum  product,  used  in  connection 
with  linseed  oil  for  cheapening  purposes. 

See  Paint  Oil. 

"Minng  Oils." — "Mixing  oils"  are  prepared  in  Russia  from  solar 
oil  distillate,  the  fractions  of  a  lower  specific  gravity  than  0.860  being 
rejected,  and  only  those  possessing  a  gravity  between  that  figure  and 
0.885  being  employed.  The  principal  use  of  such  oils  is  said  to  be  in 
the  manufacture  of  artificial  olive  oil. 

Montan  Wax. — This  wax,  used  principally  as  a  carnauba  wax  sub- 
stitute in  the  manufacture  of  polishes  and  as  an  insulating  material  in 
place  of  ceresin,  was  first  prepared  by  von  Boten  (German  Patents 
101373  and  116453;  Z.  onffcw.  CAem.,  14  (1901).  1110)  from  the  bitumen 
extracted  from  dried  Thuringian  lignite  by  means  of  volatile  solveuts 
or  from  freshly  mined  lignite  by  treatment  with  superheated  steam. 

On  montan  wax,  see  VON  Boyen,  toe.  eit.;  Eisenreich,  Chem,  Rev. 
FeU-  Harz-Ind.,  16  (1909),  211;  Ludecke,  Seifenteid.-Ztg.,  34  (1907), 
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1065,  1113,  1183,  1153;  91  (1010),  291,  885,aiid88S;  and  ScHiiaff, 
"HandwOrterbuoh  Sohwdi.  Vdkswirtecli.,"  S  (1007). 

Montmiii  Wax. — A  product  waemhUng  Montan  wax  (gjp.)f  but  dSr 
fering  in  its  physioal  proportieB.  BeefVoe.  Aoy.  DMm  Soc,  IS  (1900), 
202. 

Moor-CoaL — MooihkmI  dunra  no  wood-jike  rtnietaxe,  and  baaalhl^ 
eonohpidal  fracture.  It  is  umially  soft  and  biafala,  but  ia  ooomiaoBBj 
bard  and  slate-like.  In  color  it  varifis  between  dark  brown  and  pitdi 
black,  and*  has  a  dull  appearance.  Its  specific  gravis  is  1^  to  1«8;  ill 
hardness,  2 JS.  It  frequently  contains  remains,  of  marsh-pIaatB.  Moor- 
coal  generally  accompanies  KqwOb,  and  is  found  under  and  int«bedded 
with  it. 

Mosquito  OIL— See  InBeet  00. 

Motor  GaMline.— Gasoline  of  dtfaor  73^  to  76'*B<.  or  Off"  to  ftf^BC 
gravity  is  recommended  for  motors.  Sometimes,  however,,  eitfaer  ol 
these  is  mixed  with  deodorised  naphtha  possessing  a  gravi^  of  68^  to 
WB6.    BeeOasoline. 

The  properties  of  certain  Qerman  motor  oils  follow: 


1 

1 

ProdttOt 

Deaaity 

1 
B.p..  C. 

Setting 

Vm 

Oalioian  gas  oil 

0.868 

0.858 

0.705/15 

0.69/70 

0.75/76 

0.69/70 

0.715/25 

0.75/77 

0.692/98 

0.704/15 

0.734/74 

0.751/68 

0.864/88 

0.863 

0.860 

300*-380» 

300*-380P 

60»-120» 

50»-110» 

90*-16a» 

ecr-iocp 

7QP'l2ff* 

100»-140» 

40»-110» 

40^-120* 

75'»-136'» 

70*-150» 

174''-360° 

190"-300* 

+  1 

-10 

-20 

-20 

-20 

-70 
-70 
-70 
-40 
0 

Diesel  xnotore. 

American  gas  oil 

Dieeel  xnoton. 

Motor  bensine 

••Veloxin" 

Automobile  and  smnll  moton. 

Motor  beniine  II 

Automobilo  bensine 

Motor  beniine  I 

Automobile  and  small  motoia 

Motor  bensine  II 

Automobile  bensine 

Automobile  and  small  moton. 

Motor  bensine  I 

Automobile  and  small  moton. 

Motor  bensine  "  Heraklin" . . 
Motor  bensine  II 

Automobile  and  small  moton. 

Qaa  oil 

Diesel  motors. 

Gas  oil  I 

Diesel  motors. 

Austrian  gas  oil 

Diesel  motors. 

For  a  general  account  of  motor  fuels,  see  Lewes,  Am.  Oas  Light  J.,  108 
(1915),  165,  170  and  178.  On  motor  gasoline,  see  Technical  Paper  166  of 
the  Bureau  of  Mines. 


Motor  Oil. — A  viscous  neutral  oil,  identical  with  compressor  oil. 

On  motor  cylinder  lubrication,  see  Bryan,  J.  Am.  Soc.  Mech.  Eng.^ 
37,  293. 

Motor  Spirit — ^The  saturated  aliphatic  hydrocarbons  of  American 
oil,  the  polymethylenes  from  Baku  oil  or  the  unsaturated  hydrocarbons 
derived  from  shale  oil,  as  well  as  benzene  (CeHe)  and  alcohol  (CsHf.OH), 
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are  employed  in  internal  combustion  engines.  The  boiling  points  are' 
usually  below  120°.    See  Motor  Gasoline. 

Motorcycle  OiL— This  lubricant  is  usually  of  the  same  grade  as  eitber 
compressor  oil  or  aero-plane  oil. 

Mould  OU. — Glass  works  mould  oil  is  of  the  same  grade  as  com- 
pressor oil. 

China'works  mould  oil  is  of  two  recommended  grades:  transformer 
oil  and  summer  black  oil. 

Mountain  Tallow. — A  term  used  by  BaANDE  (Edinh.  Phit.  J.,  1834, 
11)  for  hatchettUe,  q.v. 

Muckite.— A  resin  from  the  ooal  beds  at  Neudorf,  Moravia;  it-fusea 
between  290°  and  SlCC,  has  a  specific  gravity  of  1.0025,  and  a  compo- 
sition corresponding  to  CjiHuOi  (von  ScHRi5cKmaBR,  Verh.  Geol. 
Reicha..  1878,  387). 

Mungle  Shale. — The  Munglo  fibalo,  which  averages  about  2  ft,  in 
thickness,  was  formerly  worked  in  the  West  Calder  district,  Scotland. 
It  is  separated  from  the  Grey  shale  by  the  "two-foot  coal,"  which  waa 
formerly  worked  as  cannel  at  Drumcross,  near  Bathgate.     See  page  812. 

"Mush." — A  greasy  mud,  sometimes  found  on  bituminous  crusts. 

"Muthol." — A  proprietary  name  for  liquid  petrolatum,  5.11. 

Napalite. — A  peculiar  waxy  hydrocarbon  (C,H,),  found  in  the  Phoenix 
Mine,  near  Middletown,  Cal.;  it  has  a  dark  reddish  brown  color,  is 
brittle,  begins  to  fuse  at  42°C.,  and  boils  above  SWC,  (Becker,  Monog. 
U.  S.  Geol.  SvTv.,  13,  372  (1888)). 

Naphtiine. — This  minerol  is  described  in  Mim.  Soc.  Agr.  Angers,  2 
(1834),  139. 

Naphtha. — This  terra,  which  was  formerly  applied  to  any  fluid  and  vol- 
atile variety  of  bitumen,  is  now  generally  held  to  include  all  those  petro- 
leum fractions  which  boil  below  280''F. ;  but  this  limit  is  not  observed 
by  all  refiners  and  consequently  commercial  naphthas  may  present  wide 
variations.  In  the  valuation  of  naphtha,  stress  is  laid  on  a  mild  odor 
and  a  water-white  color. 

The  term  naphtha  is  also  applied  to  the  less  volatile  portion  obtained 
on  redistilling  benzine  and  boiling  from  about  95°  to  120°C.  The  term 
is  unfortunately  very  loosely  used,  and  is  synonymous  with  "mineral 
naphtha."  The  best  practice  is  to  confine  the  designation  naphtha  to 
mixtures  of  light  hydrocarbons  intended  for  some  purpose  that  requires 
a  very  good  odor,  such  as  dry-cleaning,  varnish-making,  soap-making, 
etc.  Cf.  gasoline.  "Solvent  naphtha,"  however,  is  not  a  petroleum 
product.     See  page  013. 

"Green  naphtha"  is  one  of  the  sonden-oates  obtained  in  the  fractiona- 
tion of  crude  shale  oil.     See  page  831. 

Benzine,  or  naphtha,  from  Pennsylvania  petroleum  has  a  gravity  of 
65*  to  eS-Bfi. 

Naphthalene  in  Petroleum. — Although  naphthalene,  acenaphtliene, 


^ 


ft88  THE  AMERICAN  PETROLEUM  INDUSTRY 

fluorene,  anthracene,  and  phcnanthrene  arc  found  in  cool  tar,  the  only 
one  which  appears  to  be  widoubUdly  present  in  crude  petroleum  is 
naphthalene,  although  it  is  usually  stated  that  anthracene,  chrysene, 
pyrene,  and  fluorene  are  present  in  small  quantity  (Kramer  and  B6tt- 
CHER,  Ber.,  20  (1887),  595).  In  this  connection,  it  may  be  mentioned 
that  BoosaiNOAULT  (Compt.  rend.,  22  (1846),  667;  96  (1883),  1452) 
mentioned  the  deposition  of  naphthalene  on  cooling  the  fluid  "  bitumen  " 
from  the  burning  Bprinp  of  Ho-Tsing,  in  the  province  of  Ssechuen  in 
China,  and  that  Db  i^  Rue  and  Mcller  (Proc,  Roy.  Soc.,  8  (1857), 
221)  found  naphthalene  in  Rangoon  oil,  Kramer  (Slli.  Ver.  Beford. 
Gewerbfi.  Preuss.,  1885,  299)  stated  that  naphthalene  cr>-Btallized  out 
from  the  distillate  of  200°  to  dWC.  from  the  oil  of  Tegemsee  and  Oel- 
heim,  but  mentioned  that  this  body  was  not  necessarily  present  in  the 
crude  oil. 

Naphthenes. — Hydrocarbons  of  the  CnHm  series,  which  belong,  not 
to  the  ethylene  group,  but  to  what  is  known  as  the  naphlbene,  or 
CnHjn-»  +  Hj,  group,  are  found  in  most  oils,  but  especially  in  that  of 
Baku,  and  have  been  examined  by  Builstgim  and  Kurbatow  (Ber., 
13  (1880),  1818,  2028),  Schutzen-rerger  and  Jonine  (Compt.  rend.. 
SI  (1880),  823),  Markovnikov  and  Oqlobus  (Ann.  chim.  phya., 
(6),  2  (1884),  372),  and  others.  The  naphthenea  closely  resemble  the 
parafiinH.  Lachowicz  ascertained  their  presence  in  Galician  oil,  which 
he  states  is  about  intermediate  between  the  oils  of  Baku  and  Penn- 
eylvania  as  regards  the  proportion  of  naphthenes  contained  (Ann., 
220,  188,  188).  According  to  Le  Bel,  the  oil  of  Tchongelek,  in  the 
Crimea,  is  largely  composed  of  naphthenes,  as  are  also  those  of  Oelhelro 
and  Wietze. 

Naphthenic  Acids. —The  earliest  investigations  of  the  acid  constituents 
of  petroleum  were  those  of  Hell  and  Medingek  (Ber.,  7  (1S74),  1216; 
10  (1877),  541),  who  examined  the  acids  obtained  from  soaps  salted  out 
of  the  alkaline  sludges  obtained  in  the  refining  of  the  illumlnating-oil 
distillates  from  Wallachtan  petroleum.  They  isolated  acids  belonging 
to  the  series  CnHm-iOi,  and  demonstrated  that  they  differed  in  their 
properties  from  the  unsaturated  acids  derived  from  the  series  of  fatly 
acids.  They  more  closely  resembled  the  fatty  acids,  but,  on  account 
of  their  very  weak  acid  character,  these  authors  were  led  to  doubt 
whether  they  contained  the  carboxyl  group,  and  to  suggest  the  poB- 
sibility  of  a  keto-alcohol  or  ether-alcohol  structure.  Later  a  laoto- 
alcohol  structure  was  proposed  by  Zaloiiecki  (Ber.,  24  (1891),  1808), 

Through  the  classical  researches  of  Markovnikov  (Ann.  chim.  phys., 
(6),  2  (1884),  372;  J.  prakt.  Chem.,  (2),  49  (1894),  88)  and  his  co-workers 
it  has  been  shown  that  the  chief  constituents  of  Caucasian  petroleum 
are  saturated  cyclic  hydrocarbons,  called  naphthenes.  A  number  of 
acids  were  isolated  from  Caucasian  petroleum,  among  which  was  one 
identical  with  an  acid  of  Hell  and  Mbdinobb.    Mabkovnikov  ooa- 
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sidered  these  the  monocarboxylic  derivatives  of  the  naphthenea.  The 
correctness  of  this  view  was  demonstrated  by  A^chan  {"Chemie  der 
Mcyclischen  Verbindungen,"  190B,  508;  Ber.,  21  (1891), 2710).  Hccon- 
verted  octoDaphthenic  acid  (CiIIuOi)  into  its  amide,  and  this  into  the 
nitrile  (CtHuCN),  and  also  into  the  amine  (CjHiiNHs)  He  also  suc- 
ceeded in  reducing  this  acid,  by  the  aid  of  hydriodic  acid  and  phosphorus, 
to  an  octonaphthenc  identical  with  that  found  in  petroleum. 

Attempts  were  then  made  both  by  Markovnikov  and  by  Aschan  to 
Bynthesize  naphthenic  acids  by  the  hydrogenation  of  benzoic  acid  and 
the  three  toluic  acids;  but  the  hexahydro-derivativea  which  they  prepared 
were  quite  different  in  their  properties  from  the  natural  naphthenic 
acids,  and  up  to  recently  the  cyclohexane  carboxylie  acids  had  not  been 
found  in  petroleum.  Markovnikov  {Ann.,  807  (1899),  367)  has,  how- 
ever, converted  the  naphthenic  acid  of  the  composition  CtHnCOOH 
into  the  amine  C»HiiNHi,  which  appears  to  be  identical  with  the  syn- 
thetically  prepared  methyl-I-amino-2-cyclo-pentane.  It  is  evident, 
therefore,  that  the  lower-boiling  naphthenic  acids  are  cyolopentane  de- 
rivatives. Since  Markovnikov  considered  the  acid  deecribed  by  him 
to  be  isomeric  with  the  methyl-pentamethylene  carboxylic  acid  (2.1) 
syntheaiaed  by  Colman  and  Perkin  (Ber.,  21  (1888),  739;  see  also 
Zblinskv,  Ber.,  26  (1902),  2690),  the  rdation  of  the  side  groups  to  the 
penthamethylene  ring  remains  in  doubt.  On  isomeric  naphthenic  acids, 
see  BusHONQ  and  Humphrey,  Orig.  Com.  Stk  Intern.  Cong.  Apj)l. 
Chem.,  6,  57. 

Native  Coke. — See  CarboniU. 

Native  Humus  Acid.— See  Humus  Add,  Native. 

Natural  Asphalt — See  A^phall. 

Natural  Gas, — See  Gas,  JVo/urof. 

Natural  Paraffin. — See  Oiokerile. 

Heft-Gil  {Neflcdegit). — An  abundant  material  in  the  naphtha  region  on 
Cheleken  Island  in  the  Caspian;  it  is  a  mixture  of  paraffins  and  a  resin, 
and  is  related  to  zictriaikite  {J.  prakt.  Chem.,  73  (1858),  220  and  321). 

Heudorfite. — A  resin  (C,iHj«0,)  which  occurs  in  a  coal  bed  at  Neu- 
dorf,  Moravia  (von  Scbrockjhoer,  Verh.Geot.  Reichs.,  1678,  387). 

Neutral  OiL— (I)  An  oil  of  32"'  to  36'  U6.  gravity,  290°  to  318°?. 
flash-point,  and  47  to  SI  sec.  Saybolt  viscosity  at  70''F.  It  is  sometimes 
mixed  with  animal  or  vegetable  oils. 

(2)  The  oils  carrying  paraffin  which  are  obtained  by  the  steam-dis- 
tillation of  paraffin-baae  petroleums  after  the  second-grade  illuminating 
oil  has  been  run  ofi.  Neutral  oil  carrying  parafhn  is  known  as  "wax 
distillate." 

"Wax  distillate"  is  "cracked,"  cooled  and  filt«r-pressed,  for  the  re- 
covery of  paraffin  wax,  and  the  oil  coming  from  the  presses  ("pressed 
distillate  ")  is  reduced  to  make  viscous  neulral  oil.  Non-viscous  neutral 
oils  are  the  lighter  portions  which  come  off  when  "pressed  distillate"  is 
being  reduced  to  viscous  neutral. 
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The  "viscous  oeutrab"  produced  from  Pennsylvania  petroleum  pos- 
sess a  gravity  range  of  30°to34°B6.  Of  the  twelve  "  viscous  neutrsls" 
marketed  by  a  prominent  refiner,  four  possessed  a  gravity  of  SO.i'B*., 
a  Sayboit  viscosity  of  150  at  70°F.,  a  cold  teat  of  15°F.,  a  fire  test  of 
440°F.,  and  a  flash-point  of  375°F. ;  tour  others  had  a  gravity  of  30.2°Bi., 
a  Sayboit  \-i8oosity  of  180  at  TCF.,  a  cold  test  of  20°?.,  a  fire  t«st  of  450°F. 
and  a  flash-point  of  400°F.;  the  remaining  four,  which  had  a  gravity 
of  SO'Bi.,  possessed  a  Sayboit  viscosity  of  200  at  70°F.,  a  cold  test  of 
70°F.,  a  fire  test  of  A7b°¥.  and  a  flash-point  of  410''F. 

A  "  non->T5Coua  Deutral "  marketed  by  the  same  refiner  had  a  gravity 
of  30°B6.,  a  Sayboit  viscosity  of  90  at  70°F.,  a  cold  test  of  I5°F.,  a  fire 
test  of  420''F.  and  a  flash-point  of  370°?. 

"Keutralol." — A  proprietary  name  for  liquid  petrolatum,  q.v. 

Newiy  Pitchstone. — In  Ireland  the  only  occurrences  of  petroleum  ap- 
pear to  be  in  the  pores  of  igneous  rocks  that  have  traversed  more  or  less 
bituminous  strata,  and  absorbed  and  modified  volatile  hydrocarbons  in 
the  process.  Instaneesarerecordedat  NewTy  (Down)  and  at  the  Giant's 
Causeway.     See  Knox,  Phil.  Tram.,  1822,  313. 

N'bangellite. — Near  Lake  N'hangella,  in  Portuguese  East  Africa, 
there  is  found  on  the  surface  of  the  ground  a  substance  which  has  been 
described  as  elastic  bitumen.  It  is  similar  to  coorongite  (q.v.)  and 
yields  49,6  per  cent,  of  oil  on  destructive  distillation. 

See  Boodle,  Bull.  Roy.  Bot.  Gardens,  Kew,  1907, 145;  and  Redwooh, 
ibid.,  151. 

JTfgrlie.— A  variety  oi  asphalt  mined  at  cioldier  Summit,  Uiata.  lu 
composition  is  imperfectly  understood. 

Hitroiuphthalene. — o-Nitronaphthalene  is  used  to  deprive  rninmd 
oils  of  their  fluorescence;  it  is  said  that  2  to  3  parts  are  sufficient  for 
1,000  parts  of  oil. 

On  the  detection  of  nitronaphthalene  in  mineral  oils,  see  Leokabd, 
Ckem.  News,  68  (1893),  297. 

nonane. — Nonane  (CtHu)  has  been  isolated  from  Pennsylvsnia 
petroleum  (Warren,  Am.  J.  Sd.,  (2),  4S  (1868),  262). 

Ron-Caking  CooL — ^A  bituminous  coal  which  bums  fredy  without 
Boftening  or  any  appearance  of  incipient  fusion.  The  percentage  at 
volatile  matter  may  be  the  same  as  for  caking  coal  (g.v.),  but  the  resi- 
due is  not  a  true  coke,  being  in  powder  or  of  the  form  of  the  ori^nal  ooel. 

Nonocosone. — Nonooosane  (Ci»H«)  was  separated  by  MABBRf  (Proe. 
Am.  Acad.,  40  (1904),  355)  during  the  course  of  an  investigation  on  Uie 
composition  of  commercial  paraffin. 

Nonodecane. — Nonodecane  (CitHio)  was  separated  from  Pennsyl- 
vania petroleum  by  Mabbby  {Ptoc,  Am.  Acad.,  37  (1902),  665). 

Non-Oleaginous  Lubricants. — In  a  few  exceptional  cases  oily  lubri- 
cants are  inapplicable.  For  instance,  in  chlorine  or  oxygen  compcessitKi 
plants,  wherein  mineral  oils  would  be  chemically  attacked,  conoeDtrsted 
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sulphuric  acid  and  dilute  glyceria  reBpeotively  are  the  lubricants  used. 
In  the  manufacture  of  sulphur  dioxide  the  liquid  dioxide  itself  acta  as 
&  lubricaut  for  the  pistons  and  cylindera. 

Non-Viscous  Neutral  Oils.— See  Neutral  Oil. 

"Hormal  Benzine." — Benzine  of  the  specific  gravity  0.695-0.705  at 
15°C.  and  boiling  from  65''-95''C.,  proposed  in  Germany  for  the  purpose 
of  detecting  and  estimating  asphalt  in  petroleum. 

Normal  Temperature. — In  laboratory  investigations,  2b''C.  (77°F.). 

"NuJoL" — One  of  the  proprietary  names  for  liquid  petrolatum,  g.t. 

"Obispo."— This  "condensed"  or  "blown"  oil  originates  in  California 
petroleum;  it  contains  99.6  per  cent,  of  bitumen  soluble  in  carbon 
disulphide,  61.5  to  63.4  per  cent,  of  bitumen  soluble  in  88°Bfi.  naphtha, 
35.7  to  3S.2  per  cent,  of  pure  bitumen  as  saturated  hydrocarbons,  O.I  to 
0.3  per  cent,  of  parafl5n  scale,  1.22  per  cent,  of  sulfhur,  and  17.3  to  19,6 
per  cent,  of  ash-frec  residual  coke. 

Octane. — On  the  octanes  in  American  petroleum,  see  Mabeut  and 
Hudson,  Ptoc.  Am.  Aead.,  32  (IS97),  101. 

Octocosane.— Octocoaane  {CisH(s)  was  separated  by  Mabert  {Froc. 
Am.  Acad.,  37  (1902),  565)  during  the  course  of  an  investigation  of  the 
hydrocarbons  in  Pennsylvania  petroleum  with  boiling  points  about 
216°C.  It  was  also  separated  by  M-UJERT  {ibid.,  40  (1904),  355)  in  an 
inquiry  into  the  composition  of  commercial  paraffin. 

Octodecane. — Octodeeane  (CnHji)  has  been  isolated  from  Pennsyl- 
vania petroleum.  It  was  identified  by  Mabery  (Ptoc.  Am.  Acml.,  37 
(1902),  565)  among  the  hydrocarbons  in  Pennsylvania  petroleum  with 
boiling  points  above  ZIO'C. 

Octonaphthene. — Markovnikov  {J.  Rusf.Pkys.-Chem.  5oc.,16  (1884) 
294)  isolated  octonaphthene  from  the  petroleum  of  Balakhani  and 
Bibi-Eibat. 

"OiL" — "Soft  paraffin"  is  oommercially  known  in  England  as  "oil," 
since  it  is  of  no  value  to  the  candle-maker. 

Oil  Concrete. — On  oil  cement  concrete,  see  Cushman,  Science,  N.  S., 
31  (1910),  960;  and  on  oil-mixed,  Portland  cement,  mortar  and  concrete, 
see  Page,  Tram.  Am.  Soc.  Civ.  Eng.,  74  (1911),  255. 

"Oildag." — DeSocculated  graphite  suspended  in  oil,  used  as  a  lubri- 
cating medium  (see  Achebon's  United  Statea  Patent  911358;  and 
AcHESON,  Eng.  News,  B3,  127). 

Oil  Fuel, — Refined  or  crude  petroleum,  shale  oil,  residuum  tar,  or 
similar  substances,  used  as  fuel. 

Oil-Gas  Tars. — Tars  produced  by  "cracking"  oil  vapors  in  the  manu- 
facture of  oil  gas. 

Oil  of  Paraffln. — ^A  colorless  to  yellowish,  limpid  oil,  having  a  specific 
gravity  of  about  0.880  and  not  boiling  below  360°.  It  is  composed 
principally  of  high-boiling  hydrocarbons  of  the  CnHin+t  seriee,  and  is 
obtained  from  the  petroleum  fraction  boiling  above  300°,  the  product 
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being  refined  and  decolorized.  It  is  used  in  pharmacy  in  ointmeate  and 
as  the  vehicle  for  various  dermicB  insoluble  in  water. 

See  Petrolatum  (Liquid). 

Oil-Pulp. — An  aluminum  eoap,  consisting  of  aluminum  salts  of  the 
fatty  acids,  chiefly  oleic,  palmitic  and  stearic  acide.  It  is  diasolved  in 
mineral  oil  to  form  an  oil  thickener. 

Oil-Shale.— See  Shale,  Shale  Oil,  Dam-Shale,  PumphcrsUm  Shalet, 
and  Broxhum  Oit-Shnle,  also  Kerogen  and  BHuminovs  Shales. 

Okonite.^For  the  production  of  the  material  of  which  candles  are 
made,  ozokerite  is  subjected  by  J.  C.  &  J.  Field,  Ltd.,  to  a  process  of 
distillation,  patented  in  1870  by  Field  and  Siemssek.  Under  this 
process  the  oKokerite  is  melted,  pumped  into  stills,  and  distilled  in  a 
current  of  superheated  steam.  The  distiUat«  is  caked,  pressed  with 
naphtha,  clarified  with  fullers'  earth,  and  filtered. 

The  residue  in  the  stills  consists  of  a  hard,  black,  waxy  substance,  for 
which  at  first  no  use  could  be  found,  but  in  1875  Field  and  Taluno 
took  out  a  patent  for  producing  electrical  insulating  material  by  com- 
bining this  black  oaokerite  with  India  rubber  by  passing  it  through 
rollers  at  a  moderate  temperature,  and  subsequently  vulcanizing  tlie 
compound.  This  material,  with  certain  modifications,  has  been  intro- 
duced as  okonite  for  the  insulation  of  electrical  cables.  Okonite  is  not 
only  an  insulator,  but  is  flexible  and  tough.  By  a  simitar  process,  a 
form  of  the  material  known  as  heel-ball  is  manufactured.  This  is 
employed  to  impart  a  black  polished  surface  to  the  heels  and  soles  of 
shoes;  it  is  also  used  by  the  Austrian  Government  tor  the  leather  work  of 
cavalry  and  artillery. 

Olefines  in  Petroleum. — According  to  Hopbr,  the  following  olefines 
have  been  kolal«d  from  "North  American"  petroleum:  Ethylene 
(CH,),  Propylene  (C,H.),  Butylene  (C.IU),  Amylene  (C^.o),  Heny- 
lene  CC.Hx,),  Heptylene  (C,H,0.  Ootyleue  (C,H„),  Nonylene  (C,H,J, 
Decatylene  (CioHw),  Endecatylene  (C„H5,),  Dodecatylene  (CH.,), 
Decatrilena  (C„Hj,),  Cetene  (Ci.H,j),  Cerotene  CCnHw),  and  Melene 
(CioHjo), 

On  the  relative  proportions  of  olefines  in  shale  and  petroleum  products, 
see  Allen,  Analyst,  6  (1881),  177. 

Oleo  Resin. — The  viscous  to  semi-solid  and  usually  light  colored  solu- 
tions of  true  resins  in  essential  oils,  either  obtained  from,  or  constituting, 
the  saps  of  certain  plants  and  trees. 

Oleum  Asphalti. — In  1769,  T.  Healdb  published  a  work  in  London 
on  the  "Use  of  Oleum  Asphalti  in  Ulcers  of  the  Intestines,  Lungs,  and 
Viscera." 

"Olo." — A  proprietary  name  for  liquid  petrolatum,  g.i'. 

Orchard  Heating  Oil. — This  product  from  California  petroleum  is  & 
dark  oil  possessing  a  gravity  of  26°  to28''B6.;  it  is  also  termed  "smudge 
oil,"  and  is  used  in  the  orange  and  lemon  groves  to  prevent  frost  from 


aWSSARY  OF  BlTUMBNOLOar 

injuring  the  trees.  "Smudge  oil"  from  Colorado  petroleum  usually 
has  a  gravity  of  30°  to  31°  Bfi" 

Ostatki. — In  the  Russian  petroleum  industry,  the  residuum  left  in  the 
still  after  the  distillation  of  the  kerosene  is  a  thin  liquid  of  a  specific 
gravity  of  about  0,905  to  0.912.  It  contains  but  little  paraffin,  and  yields 
lubricating  oils  of  good  quality,  but  only  a  small  proportion  of  it  (prob- 
ably about  10  per  cent.)  ia  worked  Up  for  this  purpose,  the  remainder 
being  utilized  for  fuel. 

The  residuum,  which  is  known  aa  ostatki  (Russian),  commonly  mis- 
spelt astatki,  or  masut  (Tartar),  usually  contains  from  1  to  2  per  cent, 
of  water,  although,  if  less  fluid  than  ordinarily,  a  larger  proportion  may 
be  present.  It  is  used  as  a  lubricant  for  heavy  machinery,  after  separa- 
tion of  water  and  removal  of  the  unpleasant  odor  and  part  of  the  color 
by  treatment  with  sulphuric  acid ;  but  in  order  to  obtain  bright  oils  of  in- 
creased viscosity,  fractional  distillation  is  necessary,  and,  as  a  high  tem- 
perature is  liable  to  decompose  or  "  crack  "  the  heavy  hydrocarbons  into 
lighter  and  less  viscous  compounds,  superheated  steam  is  employed  and 
oceaaionally  the  distillation  is  conducted  in  vacuo. 

Ozokerite. — A  naturally  occurring  bituminous  product,  found  in 
Gfthcia,  Rumania,  the  Argentine,  Orange  River  Colony,  and  Utah. 
It  varies  in  color  from  yellow  to  dark  brown,  and  in  specific  gravity 
from  0.85-0.97.  See  Berlinebblau's  "Das  Erdwachs,  Oiokerit,  und 
Cercsin,"  1897.  On  Utah  ozokerite,  see  Suit  Lake  Min.  Rev.,  18,  ^o.  12, 
17;  and  Min.  Sri.  Press,  112,  909. 

See  also  Ceresin. 

Paint  Oil. — One  grade  is  a  sun-bleached  neutral  oil,  pale  lemon  in 
oolor,  possessing  a  gravity  of  Sfi'M.,  a  flash-point  of  260*^.,  a  fire  test 
of  320°F.,  a  cold  test  of  20°F.,  and  a  viscosity  of  55.  The  non-viscous 
oL  described  as  concrete  fortn  oil  is  also  used  by  painters. 

Paint  Thinner.  ^-See  Turpentine  SubHilules. 

Painters'  Naphtha. — See  Turpentine  Substitutes.  Deodorized  naphtha 
of  gravity  oS"  to  60'  Is  sometimes  employed  in  paints. 

"Pale  Paraffin  OiL" — A  petroleum  product  having  agravity  of  25°Bi.. 
a  flash-point  of  37o°F.,  a  cold  test  of  35"?.,  and  a  Saybolt  viscosity  of 
146  to  150  at  lOO-F. 

Paper  Mill  Foam  OiL — Usually  identical  with  paint  oil.  See  also 
Foam  Oil. 

Paraffin  (Native). — Native  crystallized  paraffin  has  been  described  as 
occurring  in  cavities  in  basaltic  lava  near  Paterno,  Sicily  (Silvebtri, 
BoU.  Com.  Geol.,  12  (1881),  578;  Aai  Ace.  Oioen.  Sci.  Nat.,  (3),  12,  69). 

Paraffin-Asphalt  Petroleum. — A  combination  of  paraffin-base  and 
asphivlt-buse  petroleums.     See  page  447. 

Paraffin-Base  Petroleum, — Crude  oil  which  carries  solid  paraffin 
hydrocarbons  and  practically  no  asphalt.     See  page  447. 

Paraffin  Coal.— See  Earthy  Brown  Coal. 

Paraffin  Fluxes. — The  residuals  obtained  from  paraffin-base  petro- 
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leuina  are  oharaotetued  by  ocmtainiiig  14H  to  4  per  oeni.  oC  haid 
paraffin  Boale,  ooiuisting  to  a  predominating  degree  of  satumted  bydro- 
oarbone  (85.6  to  74.1  per  o^t.)  jmd  haTigg  a  speeifie  gravity  of  0.92  to 
0.94.  Those  derived  from  the  paraffin  oils  of  Ohio  and  Pennsylvania 
confidst  of  over  80  per  oent.  of  eaturated  hsrdrooarbons.  In  general,  it 
may  be  said  that  paraffin  fluxes  3rield  only  a  small  percentage  of  residual 
coke  and  contain  but  little  sulphur. 

See  FluxeBt  SmniirAvphcUic  Fluxes^  AsphaUie  FUum$  and  Mmean 
Fluxes. 

^^PtaOn,  OQ.**— A  name  for  liquid  petrolatum,  qjf. 

Kerosene  (q.v.)  is  also  so  termed* 

Paraflin  Oils.— The  lubricating  oils  made  by  the  dry  distillatirin 
method  are  known  as  paraffin  oils.  Th^y  range  in  gravity  from  90*  to 
20^B4.,  in  flash  from  800°  to  4W°F.  by  the  Cleveland  open  cup,  in 
viscosity  from  40  to  600  sec.  on  the  Saybolt  viscoeimeter  at  707.,  in 
cold  test  from  0°  to  407.,  in  color  from  pale  yellow  thiou|^  red,  to 
dark  green.  Paraffin  oils  are  usually  decolorised  by  sulphuric  aeid 
treatment. 

In  judging  the  quality  of  paraffin  lubricating  oils,  the  oil  that  does 
the  work  most  satisfactorily  at  the  lowest  cost  is  the  best  product  from 
the  consumers'  standpouit.  The  ordinary  physical  tests  should  be  made, 
such  as  gravity,  flask  and  fire  tests,  cold  test,  viscosity,  and  color,  and 
the  oil  should  show  no  trace  of  acid.  These  oils  are  said  to  be  suitable 
for  all  kinds  of  lubrication,  except,  perhaps,' for  steam  engine  cylinders. 

Paraffin  Scale. — Crude  paraffin  wax. 

Paraffin  Wax. — ^The  manufacture  of  paraffin  wax  is  described  on  pages 
478  and  753. 

Refined  paraffin  wax  should  be  practically  water-white  when  in  a 
melted  state,  colorless,  and  should  not  darken  rapidly  when  exposed  to 
the  sunlight.  It  is  used  to  a  large  extent  in  the  manufacture  of  candles; 
it  is  used  also  in  making  so-called  wax  paper,  for  waterproofing,  for 
laundering,  protecting  preserves  from  fermentation,  in  admixture  with 
asphaltic  products  for  making  insulating  pitches  for  wires,  for  floors 
and  a  variety  of  other  purposes. 

See  Paraffinum,  and  also  pages  476,  483  and  840. 

Paraffinic  Acid. — ^Paraffinic  acid  (C24H48O2)  is  obtained  by  the  oxi- 
dation of  paraffin  by  concentrated  nitric  acid  or  by  chromium  trioxide 
mixture.    See  Pouchet,  BuU,  soc,  chim.,  (2),  23,  111. 

Paraffinum. — ^According  to  the  "United  States  Phannacopoeia,"  par- 
affinum is  described  as  a  mixture  of  solid  hydrocarbons  chiefly  of  the 
methane  series;  usually  obtained  by  chilling  and  pressing  the  distillates 
from  petroleum  having  high  boiling  point,  and  purif3dng  the  solid  press- 
cake  so  obtained. 

Paraffin,  in  its  pure  condition,  is  a  white,  waxy,  inodorous,  tasteless 
substance,  harder  than  tallow,  softer  than  wax,  with  a  specific  gravity 


of  0.890.  Ite  melting  point  ia  variable,  depending  somewhat  upon  its 
origin;  it  ranges  between  43°  and  65°C.  (109°  and  ISlT.).  An  ulti- 
mate analysis  yields,  on  the  average,  carbon  85  per  cent,  and  hydrogen 
15  per  cent.  It  ia  insoluble  in  water,  is  indifferent  to  the  most  powerful 
acids,  alkalies,  and  chlorine,  and  can  bo  distilled  unchanged  with  strong 
sulphuric  acid.  Warm  alcohol,  ether,  oil  of  turpentine,  olive  oil,  ben- 
zol, chloroform,  and  carbon  disulphide  dissolve  it  readily.  It  can  be 
mixed  in  all  proportions  with  wax,  stearin,  palniitin,  and  resin. 

Paraffin  urn  Liquidum. — The  medicinal  petroleum  of  the  "British 
Phonuucopceia."  8p.  gr.,  0.S85-0.89.  B.p.,  above  360°F.  In  the  re- 
fining of  Russian  petroleum,  the  finest  quality  of  perfumery  oil  (q.v.)  is 
termed  "paraffinum  liquidum,"  and  for  pharmaceutical  purposes  is 
oft«n  subjected  to  a  final  distillation. 

See  Petrolalum  {Liquid). 

Paraffinum  Molle.— According  to  the  "British  Pharmncopceia,"  a 
petroleum  product  corresponding  to  the  vaseline  of  the  "United  States 
Pharmacopceia;"it  is  described  as  having  a  melting  point  of  95°F. 

Parianite. — Asphalt  (q.v.)  from  the  Pitch  Lake,  Trinidad. 

On  the  nature  of  parianite,  see  Peckham,  J.  Frank.  Inst,  149  (1900), 
161. 

"ParoL" — A.  fuel  for  use  in  internal  combustion  engines,  mtroduced 
inl913;ithas  been  reported  l,Chevi.  World,2,  175)  that  it  is  "made  from 
paraffin  by  a  chemical  process  and  without  the  use  of  heat." 
"Paroline." — A  proprietary  name  for  liquid  petrolatum,  q.v. 

PsiTot  CoaL — The  original  parrot  coal  was  a  cannel  from  near 
Edinburgh. 

See  Cannel  Coal. 

Pavement — The  wearing  course  of  the  roadway  or  footway,  when 
constructed  with  a  cement  or  bituminous  binder,  or  composed  of  blocks 
or  slabs,  together  with  any  cushions  or  "binder"  course. 

Peat. — On  the  hydrocarbons  of  peat,  see  Ddhin,  Cmnpi.  rend.,  96 
(1883),  652.  The  manufacture  of  hydrocarbon  oils,  paraffin,  etc.,  from 
peat  has  been  discussed  by  Paul,  Chem.  News,  6  (1862),  221  and  243; 
and  by  Bohl,  Dingler's  polyt.  J.,  140  (1856),  63;  J.  prakt.  Chem.,  68 
(1850),  504;  78  (1858),  289;  Dingler's  polyt.  J.,  141  (1857),  444. 

On  the  fuel  value  of  peat,  see  B.  F.  Haanei.,  liept.  No.  299,  Mines 
Branch,  Canada  Depl.  of  Minee,  J91i 

Peat  Tar. — Peat  may  be  either  distilled  right  down  to  coke  tor  use 
in  the  metallurgical  industry  or  only  partially  carbonized,  so  that  the 
residue  may  find  employment  as  a  domestic  or  industrial  Fuel.  The 
distillates  obtained  contain  respectively  4  or  2  per  cent,  of  tar,  which 
contains  30  to  40  per  cent,  of  creosote;  40  or  36  per  cent,  of  water-soluble 
products  (ammonia,  methyl  alcohol  and  acetic  acid);  and  21  or  12  per 
cent,  of  gaseous  products. 

Pelionite, — A  name  proposed  by  W.  F,  Pkiterd  ("Catalogue  of 
30 
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Bfinenb  of  Tasmania,"  18M)  for  a  bitmiiiDous  eoal  ("Falion  eoil'O 
resembling  English  cannel  ooal,  from  near  Monte  Fdion,  Tasmania. 

Penetration. — ^In  laboratory  investigations,  the  distaaoe,  ouprsssed 
in  tenths  of  a  millimeter,  entered  a  sample  by  a  No.  2  eamfatio  needle 
operated  in  a  machine  for  the  purpose  and  under  known  oonditions  of 
loading,  timoy  and  temperature.  The  degree  of  solidity  of  bitaminous 
materials. 

In  oonstruotion,  the  entrance  of  bituminous  material  into  the  inter- 
stioes  of  the  metal  of  the  roadway. 

Penetration  Method. — ^The  method  of  oonstruoting  a  bituminoas- 
macadam  pavement  by  pouring  or  grouting  the  bituminous  material 
into  the  iQ>per  course  of  the  road  Inetal  brfore  the  binding  of  the  latter 
has  been  completed. 

**Pennakne  White  QiL^-^A  water-white,  odorless  chI  for  medicinal 
purposes. 

Pentacbsane. — ^Pentaoosane  (CuHm)  has  been  separated  frtmi  the 
hydrocarbons  in  Pennsylvania  petroleum  by  Mabbbt  fjProCn  Am.  Atad., 
S7  (1902),  5d5).  It  has  also  been  separated  from  commercial  paimflbi 
(Mabbbt,  iUd.,  40  (1904),  355). 

Ptentadecane. — ^Pentadeoane  (CnHti)  has  been  isolated  froni  Penn- 
S3rlvania  petroleum. 

Ptentane. — Bkilstbin  and  JSttbbatow  (Ber.,  14  (1881),  1820)  found 
pentane  in  the  lighter  distillates  from  the  oil  of  Zarskije  Eolodsy,  Tlflis; 
in  Galician  oil,  Lachowicz  found  normal  and  isopentane  {Ann,,  290 
(1883),  188);  and  normal  and  isopentane  have  been  isolated  from  Penn- 
sylvania petroleum  (see  Warren,  Am,  J,  Sci,,  (2),  45  (1868),  262). 
Pentane  is  now  being  produced  commercially  at  Whiting,  Ind.,  from 
Mid-Continent  petroleum. 

See  Amyl  Hydride. 

Pentatricontane. — ^Pentatricontane  (Cs^Hts)  has  been  separated  by 
Mabery  (Proc.  Am,  Acad,,  40  (1904),  349)  from  the  solid  hydrocarbons 
which  collect  in  certain  oil  wells  in  Pennsylvania. 

Pentylene. — See  Amyl  Hydride. 

Perfumery  Oil. — Properly  refined  Russian  perfumery  oil  possesses  a 
specific  gravity  of  0.880  to  0.885,  is  colorless  and  inodorous,  without 
fluorescence,  and  does  not  turn  yellow  or  deposit  a  sediment  after  pro- 
longed exposure  to  direct  sunlight.  The  finest  quality  is  used  in  phar- 
macy as  "paraffinum  liquidum"  {q.v.). 

RossMASSLER  ("Die  Petroleum-  und  SchmierSlfabrikation,"  1898,  77) 
has  thus  described  the  processes  adopted  in  Russia  in  the  refining  of  per- 
fumery and  mixing  oil: 

The  distillation  product  of  Russian  petroleum-residuum,  known  as 
solar  oil,  is  redistilled,  the  lightest  fractions,  which  are  strong-smelling, 
being  rejected.  The  remainder  of  the  distillate  is  freed  from  water  by 
blowing  air  through  it  at  a  temperature  of  70°C.,  until  it  becomes  clear 
and  remains  so  on  cooling.    The  distillate  is  then  subjected  to  the  acid- 
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treatment,  thG  first  stage  of  which  consiBt^  in  the  addition  of  1  to  l>j 
per  cent,  of  ordinary  sulphuric  acid.  The  "sludge  acid"  having  been 
separated,  10  to  15  per  cent,  of  strong  acid — fuming  sulphuric  acid,  or 
a  solution  of  sulphuric  anhydride  in  ordinary  acid,  in  the  proportion 
of  1  part  of  80  per  cent,  anhydride  to  2  parte  of  acid — is  added  and 
agitated  with  the  ol|  for  an  hour  or  an  hour  and  a  half,  during  which 
time  the  temperature  rises  to  35°  or  40°C.)  with  evolution  of  sulphurous 
acid.  The  "sludge"  is  then  removed,  and  the  oil  is  treated  with  caustic- 
soda  solution  (20°B6,)  until  faintly  alkaline.  After  removal  of  the  soda 
sediment,  jfree  steam  is  blown  in  until  the  temperature  rises  to  45°  to 
60°C,,  the  oil  being  then  left  to  settle.  The  aqueous  liquid  having  been 
drawn  off,  the  oil  is  repeatedly  washed  with  warm  water,  air  is  then 
blown  through  it  while  it  is  at  a  temperature  of  40°C.,  and  the  refining 
is  completed  by  filtration  through  bone-black. 

"PetraloL" — -A  proprietary  name  for  liquid  petrolatum,  q.v. 

"Petro." — A  proprietary  name  for  liquid  petrolatum,  q.v. 

Petrocene, — The  composition  of  the  residues  from  petroleum-dis- 
tillation has  received  considerable  att«ntion,  more  especially  as  regards 
Pennsylvania  oil. '  Mohton,  in  1873  {Am.  Ckem.,  3  (1872),  106  and 
162;  7  {1876),  88;  and  Chem.  News,  34,  188),  obtained  by  the  dis- 
tillation of  petroleum-residue  at  a  red  beat  a  product  which  yielded 
needle-like  crystals  of  a  greenish  yellow  color  and  pearly  luster.  This 
body,  which  he  at  first  called  "viridine,"  and  afterward  "thallene," 
was  found  to  be  isomeric  with  anthracene,  though  unlike  it  in  crystalline 
form,  melting  point,  and  solubihty.  Hesduan  (Ber.,  9  (1876),  1604) 
asserts  that  this  compound,  which  he  calls  "  petrocene,"  has  the  formula 
CijHi,.  TwEDDLE,  in  1876,  stated  that  "thallene"  is  produced  by  the 
destructive  distillation  of  a  greenish  substance,  which  he  termed  "pct- 
rozcene,"  obtained  from  petroleum-residues  {J.  Frank.  Iml.,  102,  204). 
According  to  Graebki  and  Walter  (Ber.,  14  (1881),  175),  "thallene" 
closely  resembles  the  "picene"  obtained  by  Bukg  from  brown-coal 
tar.  From  the  least  volatile  products  of  petroleum-distillation.  Divers 
and  Nakamuba  {J.  Chem.  Soc.,  47,  924)  have  isolated  a  compound 
boiling  between  280°  and  285°C.,  and  possessing  the  empirical  formula 
C4H1;  while  Prunieh  (Bull.  soc.  cMm.,  (2),  31  (1879),  293)  isolated  from 
the  green  so-called  "petrocene"  (boiling  point,  190°-240°C.),  obtained 
by  distillation  of  the  residues  after  the  ordinary  paraffin  had  come  over, 
hydrocarbons  which  he  called  "carboeene,"  " corbopetroceno,"  and 
"thallene."  These  compounds  were  found  to  possess  formulas  ranging 
from  (C,H])n  to  (CrHj)a,  where  n  is  a  variable  higher  than  4.  On 
"petrocene,"  see  Sadti.er  and  McCartbb,  Am.  Chem.  J.,  1  (1830),  30. 

Petrol. — Once  used  as  a  synonj-ra  for  petroleum;  now  tor  petroleum 
tpirit  (see  also  " Light  Peirolevm"  and  BemiTte), 

The  commercial  motor  oils,  sold  in  England  under  the  term  "petrol," 
have  higher  boiling  points  thsn  petroleum  spirit  iq.".) ;  as  a  rule,  60-70 
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per  cent,  only  boil  below  lOO^C,  about  25  per  cent,  pass  over  between 
100**  and  120**C.,  &-6  per  cent,  from  120*-133'*C.,  and  about  3  per  cent, 
above  133**C.  (see  Blount,  /.  Soc.  Chem.  Ind.,  28  (1909),  419).  Petrols 
containing  much  larger  proportions  of  higher  boiling  fractions  are,  how- 
ever, now  used  in  modem  carburetors. 

Petrolatum. — Petrolatum,  or  soft  petroleum  ointment,  is  a  light 
yellowish  or  yellow  semiHSolid,  possessing  a  specific  gravity  of  0.820  to 
0.850  at  60^*0.  and  melting  at  45"*  to  48**C.  It  is  soluble  in  ether,  chloro- 
form, benzine,  carbon  disulphide,  slightly  soluble  in  alcohol,  and  in- 
soluble in  water  and  glycerin.  Its  manufacture  is  described  on 
page  632. 

Petrolatum  is  widely  used  in  medicine  as  an  antiseptic  and  emollient; 
it  is  a  well-known  ointment  base.  Technically,  it  is  employed  in  clay 
modelling,  as  a  leather  grease,  in  the  lubrication  of  machinery  and  fire- 
arms, as  a  shoe  polish,  in  greasing  hoofs,  as  a  rust  preventive,  in  the 
manufacture  of  soaps  and  pomades,  and  in  making  oiled  paper. 

Petrolatum  (Liquid). — ^A  colorless  to  slightly  yellowish,  transparent 
liquid,  possessing  a  specific  gravity  of  0.840  to  0.940  at  25®C.  (usually 
0.84-0.87).  It  is  soluble  in  ether,  chloroform,  carbon  disulphide,  ben- 
zine, benzol,  boiling  alcohol,  but  is  scarcely  soluble  in  cold  or  warm 
alcohol,  and  is  insoluble  in  water. 

Liquid  petrolatum  may  be  made  by  distilling  the  residuary  liquid 
boiling  between  330°  and  390°C.,  obtained  after  remo\ang  the  lighter 
hydrocarbons  from  petroleum.  It  is  purified  and  decolorized  by  treating 
it  with  sulphuric  acid  and  then  with  caustic  soda,  and  finally  passing  it, 
while  hot,  through  bone-black.  By  cooling,  some  solid  paraflfins  will 
separate;  the  liquid  is  then  redistilled,  and  the  portion  boiling  below 
360°C.  is  rejected.  See  also  page  634.  It  has  been  sold  under  various 
proprietary  names  as  "albolene,''  ^^glycolin,'^  etc.;  and  since  its  intro- 
duction into  the  ''United  States  PharmacopcBia,"  1890,  it  has  been  largely 
used  in  medicine  and  for  pharmaceutical  purposes. 

Liquid  petrolatum  is  used  in  medicine  as  an  emollient;  it  is  a  well- 
known  vehicle  for  antiseptic  remedies,  and  is  also  used  in  the  treatment 
of  constipation. 

Most  of  the  so-called  ''pai*affin  oils"  contain  no  paraffin,  being  made 
up  of  the  naphthene  and  poly-naphthene  clai>ses. 

On  liquid  petrolatum,  see  J.  Arti.  Med.  Assn.^  Mar.  6,  1916,  808; 
May  29,  1915,  1853;  and  July  10,  1916,  175;  J.  Pharvu  Chim,,  9  (1914), 
149;  Gane,  J,  Am.  Pliarm.  Assn,,  4  (1915),  792;  Hilton,  ibid.,  990;  and 
Kemington,  ibid.y  933. 

See  Petrolatum  Oil  and  Spindle  Oil.     Cf.  Perfumery  Oil. 

Petrolatimi  (Veterinary). — Vet<3rinary  petrolatum  is  a  dark  yellow, 
semi-solid  mass;  it  is  essentially  crude  (unpurified)  petrolatum. 

This  petrolatum  is  employed  in  veterinary  surgery  as  an  ointment 
base. 
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Petrolatum  (White). — This  preparation,  also  known  as  "white  vase- 
line" and  "albolene,"  wiiich  are  proprietary  brands,  ia  manufactured 
from  yellow  petrolatum  by  depriving  the  latter  of  its  color  by  bleaching. 
It  ia  a  white  semi-solid,  possessing  an  ointment-hke  consistency,  and  ia 
easily  soluble  in  ether,  chloroform,  benzine,  and  carbon  disulphide; 
but  is  only  slightly  soluble  in  alcohol,  and  is  insoluble  in  water  and  in 
glycerin.     It  posseasea  a  melting  point  of  40°  to  45°C. 

White  petrolatum  is  used  as  an  ointment  base,  in  extracting  perfumes, 
in  modelling  clay,  softening  leather,  greasing  firearms,  lubricating 
machinery,  as  a  rust  preventive,  and  in  the  manufacture  of  soaps, 
shoe  polishes  and  putz  pomades. 

Petrolatum  Liquidum. — The  medicinal  high-boiling  petroleum  oil  of 
the  "  United  States  Pharmacopoeia."     See  Petrolalum  {Liquid). 

Petrolatum  OiL — A  white,  straight-reduced  viscous  neutral  oil,  pos- 
sessing a  gravity  of  3254°  to  34°B6.,  a  iiash-point  of  415°F.,  a  fire  test  of 
480^.,  a  cold  teat  of  20''F.,  and  a  viscosity  of  185  to  200.  It  is  also 
termed  "medicinal  oil." 

See  PclTolatum  {Liquid). 

Petrolatum  Spissum. — See  Petrolatum. 

"Petrolai."^A  proprietary  name  for  liquid  petrolatum,  5.11. 

Petrolene. — Bocssingault  {Ann.  chim.  pAys.,  61  (1837),  141:73 
(1840),  442)  obtained  from  the  viscid  bitumen  and  asphalt  of  Pechel- 
bronn  an  oil  which  he  termed  "petrolene;"  he  annouDoed  it  ns  the  liquid 
ingredient  of  all  asphalt,  tho  solid  one  being  termed  by  him  aaphaltenc 
iq.v.).  "Petrolene"  was  separated  by  heating  asphalt  to  SOO'C;  it 
boiled  at  2S0''C. 

Petroleum, — Petroleum,  the  best  known  of  the  bitumens,  and,  next 
to  coal,  the  most  importivut  of  all  carbon  compounds,  is  an  oily,  inflam- 
mable liquid  mixture  of  hydrocarbons  occurring  naturally,  oozing 
from  crevices  in  rocks,  floating  on  the  surface  of  water,  or  in  subter- 
ranean deposits  in  rocks,  from  which  it  may  be  obtained  by  boring. 
See  page  1. 

Petroleum  is  sometimes  used  In  the  crude  state  for  fuel,  for  surfacing 
roads,  or  for  tho  prevention  of  dust  on  roads;  but  generally  the  first 
stage  in  the  utilizatiou  of  crude  petroleiun  for  any  purpose  is  to  subject 
it  to  some  form  of  distillation. 

In  general,  there  are  three  kinds  of  petroleum,  namely:  paraffin-baae, 
which  carries  solid  paraffin  hydrocarbons  and  practically  no  asphalt; 
flsplialt-base,  which  contains  asphalt  and  no  paraffin;  and  paraffin- 
asphalt,  a  combination  of  the  two.  The  parafiin-base  petroleum  is  usu- 
aiiy  iif  liKlito?.!  gnivity  anil  it  yields  the  largcet  variety  of  lubricating  oils. 

Petroleum  Acids.— See  Naphthenic  Aciilt. 

Petroleum  Asphalt. — The  residues  of  asphaltr-base  petrol euma  are 
known  commercially  as  petroleum  asphalt,  These  may  be  steam  resi- 
dues, dry  or  oxygenated  residues.     Asphaltoid  products  are  also  made 
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from  the  dudge  adds' resulting  from  Ae  tieftiment  of  p^i^flB**  ofle  with 
Bulphurio  acidi  or  they  may  be  made  by  aix^biowing  diBtOlatea  at  li^ 
temperaturee.  Petroleom  asphaltB  are  used  in  ytreet  pawig^  iralcr- 
proofingy  and  in  the  manufacture  of  roofing  pitdhea. 

See  A^phaJU,  "CandeMe^*  or  "Blown"  Oik,  and  PUch. 

Petroleimi  Beoxin. — ^The  ''petroleum  beniin''  of  the  "German 
Pharmaoopoeia"  coiuristB  of  the  oolorlen,  nonfiuoresoent  portioiia  of 
petroleum,  possessing  a  specific  gravity  of  0.640  to  0.070,  and  i^fffflTI 
almost  entirely  between  55^  and  75^. 

The  petroleum  naphtha  or  bensine  of  Russian  refiners  varies  in  bofl- 
ing  point  from  80^  to  100^.  and  in  speoifio  grayity  from  0.007  to  O.707 
at  16*C. 

Bee  Benginef  lAghi  Pebrotmrni  and  CanadcIL 
'  Petroleum  Biii|ttet — One  type  of  briquet  is  made  of  a  miztuie  of  1 
liter  of  petroleum,  150  grams  of  sctft  soap,  160  grams  of  zesin,  and  300 
grams  of  "soda-lye  wash."  This  mixture  is  well  heated,  allowed  to 
solidify,  run  into  moulds,  and  then  heated  in  a  furnace  f cm:  about  15  min. 
The  solidity  can  be  increased  by  adding  sawdust  or  sand. 

Petroleum-Butter. — Onpetroleu^i-butter^see  NnuBUBaBR,  J.  PUhUp 
0(1909),  209. 

Petroleum-Coke. — See  Coke. 

Petroleum  Distillate.— See  Power  DisHUaU. 

Petroleum  Ether. — Some  refiners  have  applied  this  designation  to  the 
products  ranging  in  specific  gravity  from  0.590  to  0.666  (108**  to  80**B^.), 
that  is,  q/mogene,  rhigolenej  and  gasoline.  See  Benzine,  Canadol, 
Light  Petroleum  f  Keroselene,  and  Sherwood  Oil.  Russian  petroleum  eth^ 
varies  in  specific  gravity  from  0.650  to  0.660  at  15®C. 

Petroleum  Jelly. — See  Cosmoline^  Petrolatum^  and  Vaseline. 

Petroleum  Naphtha. — ^A  term  which  is  loosely  employed;  it  often 
denotes  the  first  fraction  (b.p.,  up  to  150^0.)  obtained  on  distillation  of 
crude  oil,  but  is  also  applied  to  any  low-boiling  petroleum  product. 

See  Naphtha  and  Benzine,  also  Petroleum  Benzine. 

Petroleum  Ointment — See  Petrolatum. 

Petroleum  Pitch. — See  Pitch. 

Petroleum  Spirit — ^A  term  which  is  variously  used,  but  is  sometimes 
applied  to  a  petroleum  distillate  of  a  density  of  0.71  to  0.74  and  a  boiling 
point  of  90®  to  140®C.    It  is  used  as  a  solvent  (see  gasoline). 

Some  refiners  have  employed  the  term  to  include  naphthas  ranging  in 
specific  gravity  from  0.679  to  0.745  (76®  to  58°B^.). 

According  to  German  practice,  petroleum  spirit  used  as  motor  fuel 
should  contain  nothingi  or  at  the  very  most  5  per  cent.,  boiling  above 
100°C.     Of.  Petrol 

See  Benzine,  Benzoline,  and  Naphtha. 

Petroleum  Tailings. — See  Residuum, 

"Petrolia." — ^A  proprietary  name  for  liquid  petrolatum,  q.v.        ' 
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Petroline. — -A  solid  substance,  analogous  to  paraffin,  obtained  in  the 
distillation  of  Rangoon  petroleum. 

Also,  a  term  applied  to  a  Scottish  burning  oil  having  a  flash-point 
of  126=?. 

"Petronol." — A  proprietary  name  for  liquid  petrolatum,  q.v. 

"PetrosapoL"— This  is  a  brown  ointment-like  compound  of  soap  and 
the  by-products  of  jMitroleum;  it  is  especially  used  aa  a  vehicle  tor  oint- 
ments. It  does  not  melt  below  WF.  and  does  not  therefore  liquefy  on 
the  skin. 

"Petrosio." — A  proprietary  name  for  liquid  petrolatum,  q.v. 

Petrozcene. — On  petrozcene  and  ite  products,  sec  Tweddle,  J.  Frank. 
Inat.,  102  (1876),  204.     Seo  also  Petroeene. 

"Phannaceutic  Haphthene  Oil."— A  designation  of  liquid  petrolatum. 

Phenol  in  Petroleum.— Feb  a  l  {Ann.,  116  (1860),  19)  found  phenol  in 
Galician  petroleum.  Mahkovnikov  was  the  first  to  find  phenol  in 
crude  Caucasian  petroleum,  and,  in  conjunction  with  Ogloblin,  in- 
vestigated the  composition  of  the  oxygen  acida  of  petroleum.  Mae- 
KOVNiKOV  found  as  much  as  5.25  per  cent,  of  oxygen  in  the  fraction  of 
Caucasian  petroleum  boiling  between  220°  and  230°C.  He  coneiders 
the  acids  to  be  carboxylic  acids,  derived  from  the  naphtheues  of  the 
petroleum;  but  Zalo2iecki  (Z.  angew.  Chem.,  4  (1891),  416)  states  that 
they  consist  mainly  of  and  laelo-alci>hola.  Aschan  (fier.,  23  (1890), 
867;  24  (1891),  2710)  confirms  Mahkovnikov'b  contention  that  they  are 
naphthene  derivatives,  and  has  prepared  octonaphthene  from  one  of 
them.  According  to  KrXmer,  however,  these  acids  are  ordinary 
Satly  acids.  C.  J.  Robinson  (,J.  Soc.  Chem.  Ind..  1899,  232)  more  recently 
gives  great  support  to  this  statement  by  the  diseovery  of  acetaldehydo 
in  both  Pennsylvania  and  Ohio  petroleums.  He  found  as  much  oa 
0.001  per  cent,  of  acetaldehyde  in  the  crude  oil.  Ekgi.ee  [Verh.  Ver. 
Befard.  Gewerbfi.  Preuss.,  66  (1887),  637)  has  detected  phenols  and 
fatty  acids  in  several  German  oils. 

See  Naphthenic  Acid. 

"Riiaotas  Oil." — An  insecticide  containing  coal-tar  phenols  and  light 
petroleum  distillate  (I/.  S.  Dept.  Agr.,  Div.  Entom.,  Bull.  46,  108). 

"Photogeii."^A  name  for  krTosene. 

"Photogene."^A  trade-Jiiujic  for  a  shale-oil  distillate,  of  speeifio 
gravity  from  0.72-0.81  and  boiling  point  from  HS^-ISO'C.  It  is  used 
B3  an  illuminating  oil, 

Phylloretin. — A  reain  obtained  from  an  alcoholic  solution  of  a  resin 
from  the  marshes  near  Holtegaard  in  Denmark  (Forcbhauukr,  /.  prakt. 
Chem.,  20  (1840),  459). 

Phytocollite. — A  black  gelatinous  hydrocarbon,  related  to  doppUrite 
(Cooper,  Eng.  Mtn.  J.,  32  (1881),  103),  found  in  a  stratum  of  muck 
below  a  peat  bed  at  Scrantou,  Pa. 

PhftoBteiin. — On  the  separation  of  phytosterin  from  mineral  oils, 
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■ee  BflABOinwoN,  MiU.  k.  Uckn.  VmuehmuL,  18  (1900),  961;  If  (1901), 
2fi9.  '  . 

Pfaudto  (PmrmA).— An  Mphaltoid  safartaiim,  maltiiig  at  9iUrC.\ 
it  has  a  brownkh  or  greeniah  Umdk  odor  and  a  spedfio  gravity  cf 
1.220..  After  fuang,  it  boms  with  an  aromatio  odcv  and  laaTBB  about 
6  per  oent.  of  a^h.  It  is  soluble  in  potasrinm  hydroxide  and  in  ethor. 
It  was  obtained  by  HAiDnrcnB  (Ann.  fky$.  dimn.,  US  (1M4),  375) 
from  a  bed  of  brown  oosl  at  Piauaei  near  Neostidty  in  Oaniiola. 

Pkolene. — On  the  pireaence  of  o-ptoolene  in  farown^ooal  tar,  sso 
FaasB,  Z.  angmo.  Chem.,  16  (1908),  11. 

PiMMUVhalt — See  MaUha. 

Pit  Car  OiL — ^This  is  usually  of  the  grade  described  aa  ticmawr  Usel 
aH 

Pitch* — Solid  residue  produced  in  the  evaporation  a^  dIstiDation  of 
bitumens,  the  term  being  usually  applied  to  residue  obtained  from  tar. 

Pitch  may  be  more  fully  described  as  a  dark  oolored,  faituminoos 
substance,  liquid  Or  semi-liquid  at  room  temperature,  often  posseasing  a 
characteristic  "tarry"  odor,  usually  insduUe  in  water,  but  miseible  witfi 
carbon  disulphide,  benid,  etc.,  and  which  on  distillation,  oxidation,  etc, 
forms  a  pitch.    Its  composition  and  origin  are  variable. 

(a)  NaiurdL — Resultingfromaslow  natural  process  of  metanumihosiB, 
known  as  "mineral  pitches"  or  natural  asphalts;  Trinidad  pitch,  ^^bncs 
pitch,  gilsonite,  etc. 

(6)  Artificial. — 1.  Residues  from  the  distillation,  oxidation,  etc.,  of 
mineral  oils;  e.g.,  petroleum  pitch,  blown  petroleum  asphalt,  sludge 
pitch,  Dubbs'  asphalt,  etc. 

2.  Residues  from  the  distillation  of  tars;  e.g.,  coal-tar  pitch,  brown- 
coal-tar  pitch,  coke-oven-tar  pitch,  blast-furnace-tar  pitch,  water-gas- 
tar  pitch,  generator-gas-tar  pitch,  wood-tar  pitch,  pine-tar  pitch,  etc. 

3.  Residues  from  the  distillation  of  fusible  organic  substances,  the 
process  having  been  terminated  before  the  actual  formation  of  coke; 
e.g.,  resin  pitch,  stearin  pitch  (fatty  acid  pitches),  etc. 

4.  Artificial  mixtures  complying  with  the  above  general  definition  of 
the  term  "pitch,"  regardless  of  their  origin  or  composition  ie,g.,  insulat- 
ing pitch,  brewer's  pitch,  roofing  pitch,  etc.). 

See  Residtud  Pitches. 

Pitch  CoaL — This  lignite,  also  known  as  specular  coal,  is  compact, 
more  or  less  brittle,  and  occasionally  tough,  but  seldom  hard.  Dark 
brown  to  pitch  black,  with  a  waxy  or  somewhat  pitchy  gloss.  Fracture, 
imperfect;  sometimes  flat,  conchoidal.  Powder,  brown.  Hardness, 
2.5.  Specific  gravity,  1.2  to  1.3.  Pitch  coal  occurs  sometimes  alone, 
sometimes  as  streaks  in  the  seams  of  common  brown  coal  or  the  earthy 
brown  coal  beds. 

"Pittsburgh  Flux." — This  "condensed"  or  "blown"  oil  originates  in 
Ohio  petroleum;  it  contains  97.6  per  cent,  of  bitumen  soluble  in  carbon 
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disulphide,  68.1  per  cent,  of  bitumen  soluble  in  88°B^.  naphtim,  55.5  per 
cent,  of  pure  bitumen  as  saturated  hydrocarbone,  3.7  per  cent,  of 
paraffin  scale,  4.75  per  cent,  of  sulpbur,  and  13.7  per  cent,  of  ash-free 
residual  coke. 

Plumbers'  Furnace  Gasoline. — ^A  gasoline  of  gravity  66°  to  68°B4. 

Pneumatic  Oil. — Oil  for  pneumatic  tools  is  generally  of  two  grades: 


Gnvity 

FUub-poinl 

nretMt 

ColdtMt 

Baybolt  iriMOuty 

32" 

34" 

«0"F. 
340° 

460«F. 

400° 

M-F. 
20' 

145 
SO 

Pocket. — A  hole  or  depression  in  the  wearing  course  of  a  pavement. 

"Polarine." — A  lubricating  oil  for  motors.     See  Motor  Oil. 

Polishing  Oil.^A  term  applied  to  that  fraction  of  b.p.  130°-160''C., 
obtained  in  rofiuing  petroleum.  , 

Also  a  non-viacoua  neutral  oil  identical  with  concrele  form  oil. 

Posepnyte. — An  oxygenated  hydrocarbon  from  the  Great  Western 
mercury  mine,  I^ake  Co.,  Cal.  It  occurs  in  plates  and  nodules,  aome- 
timea  brittle,  occasionally  hard;  the  color  is  light  green  to  reddish  brown; 
and  the  specific  gravity  ranges  from  0.85  to  0.985.  See  Becker,  Mon. 
U.  S.  Geol.  Survey.  13,  361  (18S8). 

Pot-Hole. — A  hole  extending  below  the  wearing  course  in  a  pavement. 

Power  Distillate. — The  untreated  kerosene  condensates  and  still 
heavier  dUtillates  down  to  28''B^.  from  Mid-Continent  petroleum,  used 
as  fuel  ill  internal  combustion  engines. 

"Pressed  Distillate." — ^The  oil  coming  from  the  presses  when  paraffin 
wax  is  recgvered.     See  Neutral  OH. 

"Prima  Oil."^The  trade-name  of  the  grade  of  "solar  oil"  (.q.v.)  from 
shale  oil  with  a  low  density  and  boiling  point. 

"Prime  Cily  Naphtha." — A  petroleum  product  which  possessed  a 
gravity  of  from  73°  to  6S°B6.;  it  was  used  for  sponge-lamps.  See 
Betaiiline. 

Prime  White  OiL — A  kerosene  of  prime  white  color,  that  is,  inter- 
mediate in  color  between  water-white  and  standard  white.  SeeiStnndard 
White  Oil. 

Propane. — Propane  (CiHi)  is  one  of  the  gaaeous  paraffins  which  have 
been  isolated  from  Pennsylvania,  petroleum. 

Pssthyrit. — See  Xyloretinite. 

Pseodocumene.^Pseudocumene  has  been  found  in  Caucasian  oil  by 
Markovmikov  and  Ogt.oblin  (J.  Rws.  I'hy».-Chem.  Soc,  13,  179;  1^ 
36;  16,  237  and  307)  and  in  the  petroleum  of  America,  Germany,  Galicia, 
and  Italy  by  Englek  (Ber.,  18  (1885),  2234). 

See  Cumene  and  Mesitylene. 
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Piiiiqpli«ntoa  ShalM.-— Thflie  Soo^^ 
16  to  22  gal.  of  crude  oil  per  ton,  together  with  60  to  60  lb.  of  an- 
monium  sulphate.    Their  particular  feature  is  their  riohneaa  in  iiitnigML 
Bee  page  813. 

Pufty  OIL—- The  produetB  deeoiibed  under  both  eoncrwie  form  aU  and 
ptdfU  ail  are  8dd.ahpo  as  putty  oiL 

*^tz'*  QiL— A  li^t  .diBtOlate  of  Baku  petndeum,  imnrwiriini  a  9p^ 
cifio  gravity  of  0.760  to  0.770;  it  is  used  as  a  <Jft>t»Mng  oiL 

I^yrtae. — A  hydrocarbon  (CitHu),  obtained  from  ooal.  tar.  It  mi 
dfiBoribed  by  Laubbnt  in  CampL  rend.,  6  (1887),  803. 

l^fiidine  hi  Shale  Naphlfaa. — On  the  preeenoe  of  pyndinB  in  wi^yiitfw, 
see  WiLLiAiis,  PhiL  Mag.,  (4),  8  (l«t4),  200. 

Pyifanont  Bitumen. — On  this  bitumen,  see  Pnvxa,  Aim.  Muum^  (8), 
6  (1834),  179;  and  Rokbt,  BtM.  8oe.  QUL  FrmM,  T  (1885),  136. 

I^frobitumen. — A  dark  colored,  solid,  infusible,  naturally  ocourring 
hycfarocarbon  complex,  often  associated  with  a  mineral  matrix,  inaohifab 
in  water,  and  relativdy  insoluble  in  carbon  disulphide,  benaol,  eto. 

Pyrobitumens  are  derived  from  the  metamorphoaiB  of  ^^^getabfe 
growth  (e.tf'.,  peat,  lignite,  bituminous  coal  and  anthraoite  ooal),  and 
from  the  metamoxphosis  of  asphalts  (e.tf'.,  daterite  or  wurtsilitey  alber* 
tite  and  impaonite). 

Pyronaphtha.— This  fraction  of  Russian  petroleum  is  also  Jmown  as 
heavy  illuminating  oil  and  solar  oil;  it  possesses  a  light  yellow  color  and 
a  sjpecific  gravity  of  0.840  to  0.860.  However,  the  product  to  which  the 
name  of  pyronaphtha  is  given,  is  usually  of  a  lower  gravity  than  solar 
oil  (g.t;.). 

Pyropissite. — ^An  earthy,  friable,  coaly  substance,  of  a  grayish  brown 
color  and  having  a  specific  gravity  of  0.493-0.522;  it  melts  easily  to  a 
pitch-like  mass  and  affords  62  p>er  cent,  of  paraffin  on  dry  distillation. 
Pyropissite  occurs  in  brown  coal  at  Weissenfels,  near  Halle,  Germany 
(Kenngott's  "Uebersichte,"  1860,  148). 

Pyroretin. — ^A  resin  which  occurs  in  brown-coal,  between  Salesl  and 
Proboscht,  near  Aussig  in  Bohemia;  it  is  brittle,  of  a  brownish  black 
color,  and  has  a  specific  gravity  of  1.05  to  1.18  (Reuss,  Ber.  Akad.  Wien^ 
12  (1854),  551). 

Pyroretinite. — A  resin-like  substance,  deposited  from  a  hot  alcoholic 
solution  of  pyroretin  as  it  cools  (Stanek,  Ber.  Akad,  Wien^  12  (1854), 
554). 

Pyroscheererite. — A  distillation  product  of  kdnlite  iq-v.);  it  is  men- 
tioned by  Kraus  in  Ann,  phys.  chem,,  43  (1838),  141. 

Raebum  Shale. — See  Dam  Shah, 

Rangoon  Oil. — ^Thc  trade-name  of  a  semi-solid  or  butter-like  petrs- 
leum  from  Upper  Burma,  refined  at  one  time  in  England. 

For  the  results  of  chemical  examinations  of  the  petroleiun  of  Ran- 
goon, see  Christison,  Trans,  Roy,  Soc,  Edinb,,  13  (1836),  118;  Grsq- 
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OHT,  ibid.,  134;  and  Warken  and  Stobeb,  Mem.  Am.  Acad.,  (2),  9 
(1867),  203. 

Recovered  Oils. — For  reasons  of  economy,  used  lubricating  oils  are 
collected  and  used  again  after  purification,  usually  by  filtration.  Such 
"recovered  oils"  are  often  darker  in  color  than  the  original  oils,  but, 
when  the  purification  has  been  carried  out  in  an  efiicient  filter,  are  said 
to  be  equally  satisfactory. 

Reduced  Fuel  OIL — Fuel  oil  of  heavy  gravity.  One  having  a  gravity 
of  23°I16.  (7.62  lb.  per  gallon)  has  been  found  to  contain  19,800  B.t.u. 
per  pound. 

Reduced  OiL — Crude  petroleum  from  which  the  more  volatile  hydro- 
carbons have  been  eliminated  by  partial  evaporation.     See  page  527. 

Refildte. — A  white,  very  soft  resin  (CsoHkOj)  found  in  the  lignite  of 
Montorio,  near  Feramo,  AbnizzcB,  Italy  (Debcloizbaux's  "Manuel 
de  Mineralogie,"  1874,  2,  58). 

Refined  Tar. — A  tar  freed  from  water  by  evaporation  or  distillation 
which  is  continued  until  the  residue  is  of  desired  consistency,  or  a  product 
produced  by  fluxing  tar  residuum  with  a  tar  distillate. 

See  Pitch  and  also  Fhix.    ' 

Repress  Oil. — Brick  repress  oil  is  compounded  of  80  per  cent,  of  the 
neutral  oil  described  under  paini  oil  and  20  per  cent,  of  castor  machine 
oU  (,.«.). 

Residual  Pitches. — The  solid  residual  pitches  which  are  used  for  high- 
way construction,  first  originated  in  California  petroleum,  but  were 
soon  followed  in  the  eastern  market  by  others  derived  from  Beaumont, 
Texas,  oil  and  later  petroleum  from  other  Texas  fields.  The  Texas 
residual  pitches  are  characterized  by  oontaioing  a  small  percentage  of 
paraffin  scale,  less  than  1.25  per  cent,  of  sulphur,  and  yielding,  on  igni- 
tion, a  very  high  percentage  of  ash-free  residual  coke;  the  amount  of 
saturated  hydrocarbons  which  they  contain  is  very  much  smaller  than 
that  of  the  fluxes,  which  are  intermediate  products  in  their  preparation. 
The  California  residual  pitches  are  distinguished  from  those  derived 
from  Texas  petroleum  to  a  marked  degree,  in  that  the  percentage  of 
saturated  hydrocarbons  present  is  much  smaller  than  in  the  case  of  the 
Texas  residual  pitches  and  the  amount  of  ash-free  residual  coke  is  also 
smaller;  they  are  devoid  of  more  than  a  trace  of  paraffin  scale  and  run 
less  than  1.5  p>er  cent,  of  sulphur.  Trinidad  residual  pitches  are  differ- 
entiated from  the  California  products  by  the  higher  percentage  of  sul- 
phur {about  2  per  cent.)  and  by  the  smaller  percentage  of  saturated 
hydrocarbons  which  they  contain,  lower  in  amount  than  is  the  case  in 
the  "California  residual  pitches  and  approaclUng  in  the  latter  respect  the 
solid  native  asphalt.  Mexican  residual  pitches  are  strikingly  differen- 
tiated from  those  produced  from  other  petroleum,  in  that  they  contain 
from  5  to  6  per  cent,  of  sulphur,  yield  in  the  more  solid  forma  a  high 
percentage  of  a^-free  residual  coke,  and  at  the  same  time  contain  from 
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1  to  2  per  cent,  or  more  of  hard  paraffin  scale;  these  pitches,  which 
are  unique  as  compared  to  the  others,  are  also  characterized  by  the 
difficulty  encountered  in  their  preparation. 

See  Pitch,  and  Richardson's  ''The  Modem  Asphalt  Pavement/'  2nd 
ed.,  256-77. 

Residuum. — 1.  The  residue  obtained  on  the  distillation  of  crude 
petroleum  after  the  constituents  boiling  below  620°F.  have  been  re- 
moved. The  yield  of  residuum  from  Pennsylvania  petroleum  amounts 
to  12-14  per  cent. 

2.  The  residue  left  in  the  still  after  the  distillation  of  crude  oil  has 
been  completed,  and  not  the  residue  from  redistilled  condensates.  See 
page  461. 

The  residuum  from  petroleum  distillation  is  also  known  as  the 
"cokings." 

See  Pitch, 

Resin  from  Naphtha  and  Bitumens. — On  the  treatment  of  naphtha 
and  bitumens  for  the  purpose  of  obtaining  solid  resin  and  aromatic 
hydrocarbons,  see  Adiyasibvitch,  Zap,  Imp,  Rilss,  Tekhn,  Obsch,,  29 
(1895),  93. 

Cf.  "Condensed*'  or  ''Blown''  Oils. 

"Resiniferous  Shale." — See  Tasmanite, 

Resin,  Mineral — ^A  term  applied  to  the  solid  bitumens.    See  Bitumen. 

Resin,  True. — A  term  applied  to  various  vegetable  principles  occur- 
ring in,  or  obtained  from,  the  secretions  or  saps  of  certain  plants  or  trees. 
They  are  hard,  fusible  and  more  or  less  brittle,  nonadherent  to  slightly 
adherent  solids  at  ordinary  temperatures,  usually  light  colored  in  mass, 
having  an  amorphous  structure,  conchoidal  fracture  and  ''resinous'* 
luster.  They  are  insoluble  in  water,  but  more  or  less  completely  soluble 
in  carbon  disulphide,  benzol,  etc.  They  are  oxidation  or  polymeriza- 
tion products  of  the  terpenes,  and  generally  contain  "resin"  acids  and 
esters. 

Cf.  Bitumen, 

Resinous  Substance. — A  term  applied  to  (a)  substances  containing 
true  resins;  or  to  (6)  substances  of  variable  origin  and  composition 
resembling  true  resins  in  their  physical  properties  (with  the  exception  of 
color)  and  solubility. 

Retene. — A  cr>'stalline  hydrocarbon  (CiJIig),  found  in  certain  resins. 

On  retene,  see  Peckham,  J.  Frank,  Inst,,  161  (1901),  50;  and  Schmidt, 
Arch.  Pharm.,  (3),  6  (1875),  538. 

Retinasphaltum. — The  "retinasphalf*  of  Hatchett  {Phil,  Trans.^ 
94  (1804),  402)  was  found  in  the  Tertiary  coal  of  Bovey  in  Devonshire, 
England;  it  had  the  specific  gravity  1.135,  varied  in  color  from  light 
yellowish  brown  to  red,  and  yielded  a  resin  (see  retinellite)  on  extraction 
with  alcohol. 

On  this  bitumen,  see  Finch,  Quart,  J,  Sci.  Lett,  Art^,  11  (1821),  221; 
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Johnston,  Phil.  Mag.,  (2),  13  (1838),  389;  and  Micksch,  Corr.-Bl  zool- 
min.  Ver.  Regemb..  1817,  70. 

RetineUite. — A  light  brown,  reeinoid  aubetance  separated  by  al<:ofaol 
from  refinoxpWt;  it  begins  to  fuse  at  121°C.  This  is  the  "retinic  acid" 
or  JoHNBTOS  {Phil.  Mag.,  (2),  12  (1838),  560). 

Retinic  KdA. — See  RetijielliU. 

Retinite.^A  geaeral  name  applied  to  various  resins,  especially  those 
from  beds  of  brown  coal,  which  are  near  succinite  in  appearance,  but 
contain  little  or  no  auccinic  acid  (Bccholz,  J.  cftem.  p Ays.,  1(1811),  290; 
Dietrich,  Verk.  Geol.  Reichs.,  1876,  No.  8;  Zemqelis,  Min.  pdr.  Mitlh., 
30  (iOOl),  356).  See  Wakhoviiu,  Gedanite,  OUesite,  RumaniU,  and 
Simelile. 

Reusfiinite, — A  reein-like,  reddish  brown  oxygenated  hydrocarbon, 
soluble  in  boiling  alcohol  and  in  ether.  Staves  (Ber.  Akad.  Wiss. 
Wien,  12,  564)  regarded  it  as  a  mixture  of  pyroretinite  {q.v.]  with 
another  resin,  CioHioOt- 

"Rezilite  Mastic." — A  preparation  of  elaterite  (g.f.),  containing  some 
asbestos  fibre;  it  is  used  for  surfacing  floors. 

Rhigolene. — The  most  volatile  hqutd  fraction  obtained  in  the  dis- 
tillation of  petroleum.  It  has  a  boiling  point  of  IS'C.  and  consists 
largely  of  pentane  (Khahitchkov,  Nephl.  Dielo,  1B99|  170);  its  specific 
gravity  is  O.CO. 

This  petroleum  ether  was  introduced  for  producing  local  anestheeio 
by  freezing  (Bigelow,  Chem.  News,  13  (1866),  244).  In  "sBther  ana*- 
theticus  K6nig  "  four  ports  of  rhigolene  are  mixed  with  one  part  of  abso- 
lute ethyl  ether. 

The  term  rhigolene  has  also  been  applied  to  the  product  described 
under  cymogene;  specific  gravity,  0.625  to  0.636.  Crude  naphtha 
from  Pennsylvania  petroleum  yields  about  0.1  per  cent,  of  such 
rhigolene. 

Road  Binders. — This  group  of  products  consists  of  petroleum  asphalt, 
properly  fluxed  with  heavy  petroleum  oils  which  will  not  evaporate 
and  which  are  of  such  qualities  that  they  will  bind  the  road  materials 
together  both  in  summer  and  winter. 

Road  OiL^Road  oil  from  Pennsylvania  petroleum  usually  possesses 
a  gravity  of  34°  to  SS'W.,  a  viscosity  of  40  at  70"?.  by  the  Saybolt 
instrument,  a  fire  test  of  340''F.,  and  a  flash-point  of  300°F. 
-^OT  a  full  account  of  the  grades  of  oil  covered  by  this  trade-name  in  the 
Mid-Continent  field,  see  page  403. 

See  Flux  Oil,  Asphaliic  Fltuxs,  and  Petroleum.  Cf.  "Kittm,"  Waler- 
Soluble  Oils,  and  WMlruviile. 

Rochledeiite. — A  resinnid,  reddish  brown  oxygenated  hydrocarbon, 
found  in  brown  coal  in  Bohemia ;  it  melts  at  100°C.  and  is  soluble  in 
alcohol  (RocHLEDER,  Ber.  Akod.  Wisa.  Wien,  6  (1851),  53;  HAioraaER, 
LoU>i>,  1,  85,  216;  6,  86;  8,  3).    See  Mdanchym  and  MelantUHe. 


L 


908  THE  AMERICAIf  PETROLEUM  IffDUSTRY 

Rock  Asphalt — Sandstone  or  limestone  naturally  impregnated  ' 
asphalt. 

Rock  Asphalt  Pavement — A  wearing  course  composed  ot  broken  or 
pulverized  rock  asphalt,  with  or  without  the  addition  of  other  bituminous 
materiala. 

"Rock  OU." — A  name  for  liquid  petrolatum,  q.v. 

Also  a  synonym  for  petroleum. 

"Rod  Was." — A  light-yellow,  pasty  mass  consisting  of  an  emulsion  oi 
high-boiling  oils  with  solid  hydrocarbons;  it  collects  in  considerable 
quantities  around  the  rods  and  casing  in  Some  of  the  Pennsylvania  wells. 

Roll  Oil. — Oil  for  tin,  copper  and  brass  rolls  is  usually  of  the  some  grade 
as  engine  oU. 

Rosin  Oil  Adulterant — A  viscous  neutral  oil  of  the  gravity  SS'B^. 
and  the  viscosity  145,  and  a  non-viscous  neutral  oil  of  a  grade  identical 
with  concrete  form  oil,  have  both  been  much  used  to  replace  rosin  oil. 

Roeia  Oils, — Heavy  rosin  oils,  boiling  above  SWC,  are  produced 
by  the  destructive  distillation  of  colophony,  light  rosin  spirit  or  pinolin 
coming  over  in  the  first  runnings;  they  may  contain,  when  crude,  up 
to  30  per  cent,  of  rosin  acids.  Crude  and  refined  rosin  oils  find  applica- 
tion as  electrical  insulators,  and  in  the  manufacture  of  lubricants,  var- 
nishes, and  water-soluble  oils  (.q.v.). 

Rosthoraite. — A  resin  {CnH4oO)  possessing  a  brown  color  and  a 
specific  gravity  of  1.076,  found  at  Sonnberge,  Carinthia  [Hofer, 
Jahrb.  Min.,  1871,   561). 

Rubber  from  Petroleum. — See  page  S05. 

Rubbing  Oil, — A  non-viscoua  neutral  oil  of  the  same  grade  as  tim- 
creie  form  oil. 

Rumanite. — A  yellow  amber-like  resin  obtained  from  different  points 
in  Rumania  (Helm,  Sckrift.  Gen.  Daj\zig,  7  (1891),  186). 

On  Moldavian  rumanite,  see  Istrati,  Bidl.  Soc.  Sd.  BueHarvri,  4 
(1895),  59;  6  (1897),  55;  7  (1898),  272;  9  (1901),  650. 

"Russian  Liquid  Petrolatum." — A  name  for  liquid  petrolatui 

"Russian  Mineral  Oil." — A  name  for  liquid  petrolatum,  q.v. 

"Russian  Paraffin  Oil." — A  name  for  liquid  petrolatum,  q.v. 

"Russol." — A  name  for  hquid  petrolatum,  q.v. 

Saponated  Petroleum. — ^Liquid  aaponatcd  petroleum  may  be  prepi 
from  100  parts  of  liquid  petrolatum,  50  parts  of  oleic  acid,  and  25  p 
of  spirits  of  ammonia.  Solid  saponated  petroleum  is  compounded  i| 
100  parts  of  petrolatum,  50  parts  of  oleic  acid,  and  25  parts  of  apiri 
of  ammonia. 

"Satin  Gloss  Black." — A  name  for  lampblack. 

Saturating  OIL— This  product  is  identical  with  the  oil  described  U 
concrete  farm  oil. 

"Saiol," — A  proprietary  name  for  liquid  petrolatum,  q.v. 

"Saxoline."— A  proprietary  brand  of  petrolatum,  q.v. 
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"Scale." — Scotch  crude  para£5ii  wax  is  known  in  eommerce  under 
this  name. 

Scheererite. — A  whitieh,  gray,  yellow,  green  or  pale  reddish,  easily 
frangilile,  tasteless,  inodorous  hydrocarbon;  it  melte  at  44°C.  and  is 
soluble  in  alcohol  and  ether.  It  may  be  diatijled  without  decomposition, 
boiling  at  92°C. 

On  the  acheererite  of  Utznach,  see  Ksads,  Ann.  jihys.  chem.,  i3 
(1838),  141;  on  the  acheererite  of  Weaterwald,  see  NoEOGEnATH,  J. 
cAem.pAi/».,  63  (1831),  450;  and  on  Bcheererite  in  genera],  see  Stromeyer, 
^rcft.  ges.  Nal.,  10  (1827),  113. 

Schlanite. — See  account  of  anlhracoxenite. 

Schraufite. — A  resin  (CnHuOi)  which  oocura,  in  Carpathian  sand- 
stone near  Wamma,  in  Bukowina;  it  has  a  specific  gravity  of  1.0  to 
1.12  and  fusea  at  326°C.  (von  SchrSckinqer,  Verh.  Geol.  Reichs., 
1876,  134). 

Scleretinite. — A  black,  brilliant  oxygenated  hydrocarbon  from  the 
coal  measures  of  Wigan,  England;  it  has  a  specific  gravity  of  1.136,  and 
is  insoluble  in  alcohol,  ether,  alkalies  and  dilute  acids  (Mallet,  Phil. 
Mag.,  4  (1852),  261). 

Screw-Cutting  OiL — Oil  adapted  for  heavy  lathe  and  thread-cutting 
purposes  is  generally  compounded  with  cottonseed  oil  or  pure  lard  oil. 
Screw-cutting  oils  are  often  mixtures  of  27''B^.  paraffin  and  25  per  cent, 
cottonseed  oil. 

Seal  Coat. — A  final  superficial  application  of  bituminous  material 
during  construction  to  a  bituminous  pavement. 

"Secunda  OiL" — A  trade-name  of  the  grade  of  "sular  oil"  from  shale 
oil  with  a  high  density  and  boiling  ijoint. 

Semi-Asphaltic  Fluxes. — The  semi-asphalUc  fluxes  are  differentiated 
primarily  by  a  higher  density  than  those  derived  from  paraffin-base 
petroleums,  namely,  0.95  to  0.B7.  They  contain  a  much  smaller  amount 
of  paraffin  scale  and  approach  very  nearly  in  the  amount  of  saturated 
hydrocarbons  which  are  present  to  the  paraffin  residuals.  They  will 
satisfactorily  dissolve  and  flux  such  solid  bitumens  as  gilsonit«  and 
grahamite. 

See  Fluxes,  Paraffin  Fluxes,  Aaphattic  Fluxes  and  Mexican  Fluxes. 

Semi-Solid  BitunUnous  Material. — Bituminous  material  showing  a 
penetration  at  normal  temperature  under  a  load  of  100  grams  applied 
for  5  sec.  of  more  than  10,  and  under  a  load  of  50  grams  applied  for  1  see. 
of  not  more  than  350. 

"Semprolin." — A  proprietary  name  for  liquid  petrolatum,  g.i'. 

"Seneca  Oil." — An  early  name  for  pelrolevtn. 

Separator  Oil. — See  Cream  Separator  Oih. 

Setting  Up. — The  relatively  quick  change  such  as  takes  place  in  a 
bituminous  material  after  its  application  to  a  roadway,  indicated  by  ita 
hardening  after  cooling  and  exposure  to  atmospheric  and  traffic  condi- 
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tionSy  as  opposed  to  the  slower  changes  later  occurring  gradually  and 
almost  imperceptibly. 

Settlingite.-— See  Settling  SUmea  Resin. 

Settling  Stones  Resin. — ^A  resinoid,  hard,  brittle  substance,  possessing 
a  pale  yellow  to  deep  red  color  and  a  specific  gravity  of  1.16  to  1.54,  and 
burning  in  a  candle  flame.  It  was  found  in  an  old  lead  mine  in  North- 
umberland, England  (Johnston,  PM.  Mag.,  (2),  14  (1839),  88). 

Sewing  Machine  OIL — The  following  neutral  oils  are  recommended 
for  sewing  machine  lubrication: 


Gravity 

FUsb-point 

Fbetest 

Cold  teat 

Saybolt  viaooaty 

34°B6. 
35° 

340**^ 

340'* 

340** 

400**^ 

400'* 

400** 

20*»F. 

20** 

20" 

80 

75 
70 

Seyssel-Pyrimont  Bitumen. — ^Ascending  the  right  bank  of  the  Rhone, 
the  Urgonian  limestone  recurs,  with  the  fadious  "Seyssel"  asphalt  of 
p3rrimont,  extending  by  Perte  du  Rhone  and  Bellegarde,  to  Thoiry,  and 
up  the  Valserine  valley  from  Bellegarde  by  Lancrau  to  Lelex  and  Forens, 
near  Ch^zery.  ^yssel  asphalt  rock  consists  of  89.55  per  cent,  of  cal- 
cium carbonate  and  contains  8  per  cent,  of  a  portion  soluble  in  carbon 
disulphide. 

This  bitumen  is  described  by  Massat,  Le  Naturalisley  19  (1897),  17; 
and  Ure,  London  J.  Arts,  (3),  14  (1839),  251. 

Shafting  Oil. — See  machine  oil^  with  which  shafting  oil  is  identical. 
Summer  black  oil  is  also  used  for  shafting  lubrication. 

"Shale,"  or  Oil-Shale. — A  highly  bituminous  laminated  substance 
containing  about  80  per  cent,  of  mineral  matter,  occurring  in  many 
parts  of  the  world,  but  especially  in  the  coal  measures  of  the  Loth- 
ians  in  Scotland.     See  page  807. 

Sec  also  Bituminous  Shales. 

Shale  Naphtha. — The  naphtha  from  shale  oil  generally  consists  of 
60  to  70  per  cent,  of  olefines  and  other  hydrocarbons  acted  on  by  fuming 
nitric  acid.  It  is  obtained  at  different  specific  gravities  and  boiling 
points  according  to  requirements;  for  instance,  0.660  for  gasoline,  0.690 
for  motor  spirit,  and  0.72  to  0.75  for  lighting  purposes  and  as  solvents. 
Seepage  840. 

Cf.  Shale  Spirit. 

Shale  Oil. — A  crude  oil  obtained  from  bituminous  shales,  especially 
in  Scotland,  by  submitting  them  to  destructive  distillation  in  special 
retorts.  It  is  of  a  dark  green  to  a  brownish  color,  possesses  a  specific 
gravity  of  0.86  to  0.96,  and  has  a  congealing  point  of  about  32°F.  Its 
quality  depends  greatly  on  the  temperature  at  which  it  is  formed  from 
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1,  or  bituminous  matter,  in  the  shale  (the  greater  part  of  the 
I  and  distillation  in  the  retorts  occurs  below  427''C.). 
Shale  oil  is  refined  into  products  resembling  those  from  petroleum.  On 
the  technology  of  the  Scottish  shale  oil  industry,  see  page  814. 

Shale  Spirit.— The  lower-boiling  fractions  obtained  in  the  refining  of 
crude  shale  oiljsp.  gr.,  0.7CM).78.  It  is  used  as  a  motorspirit  and  contains 
about  50-60  per  cent,  of  unsaturated  hydrocarbons.     See  page  840. 

Sheet-Asphalt  Pavement.— One  having  a  wearing  course  composed  of 
asphalt  cement  and  sand  of  predetermined  grading,  with  or  without  the 
addition  of  fine  material,  incorporated  together  by  mixing  methods. 

Sherwood  Oit — Petroleum  ether  boiling  at  40°  to  TO'C. 

See  Light  Petroleum. 

"Sicherheitsbenzin." — A  mixture  of  1  volume  of  benzine  and  2  vol- 
umes of  carbon  tetrachloride. 

Sicilian  OtL — Petroleum  was  used,  under  this  name,  for  illuminating 
purposes  at  Agrigentum,  Sicily,  before  the  beginning  of  the  Christian 

Siegburgite. — A  fossil  resin  from  the  brown  coal  formation  in  the 
neighborhood  of  Troisdorf  and  Siegburg,  near  Bonn,  Germany;  it  varies 
in  color  from  golden  yellow  to  brownish  red,  and  is  partially  soluble  in 
alcohol  and  ether  (Labatjlx,  Jahrb.  Min,,  1ST6,  128;  Klinger  and 
PiTSCHKi,  Ber.,  17  (1884),  2742). 

Signal  Oil. — A  signal  oil  which  has  been  recommended  is  composed 
of  20  per  cent,  of  white  fish  oil  and  80  per  cent,  of  mineral  seal  oil. 

"Silicate  of  Carbon." — A  name  for  lampblack. 

Simetite. — A  resin  near  succinite  from  near  Mt.  Etna,  Sicily;  it  Is 
remarkable  for  its  deep  red  color,  contains  but  0.4  per  cent,  of  succinic 
acid,  and  has  a  specific  gravity  of  from  1.052  to  1.068  (Helm  and  Com* 
VENTz,  SchriftenGes.  Danzig,  6  (1881),  293;  7  (1891),  198). 

Slab  Oil. — The  following  two  neutral  oils  are  said  to  be  suitable: 


Of»«ty 

Fl»h-potal      j 

Fir.  tMt 

ColdlHt 

Skybolt  TbOHitT 

as- 

415'F.        1 
340"            1 

480°F. 
400" 

2Q'F. 

20° 

200 

70 

Slack  Wax." — A  name  for  a  mixture  of  ptaraffin  wax  and  oil. 

Slate-CoaL — A  class  of  brown  coal,  dense,  slaty,  brownish  black  to 
black  in  color,  and  of  uneven  frocture. 

See  Lignite. 

Slide  Oil. — Summer  hlack  oil  is  recommended  as  a  slide  oil. 

"Slop  Oil."— Any  liquid  product  of  petroleum  which  is  not  up  to 
quality.     "Slop  oils"  are  usually  put  aside  for  redistillation. 

Sludge. — A  term  applied  to  the  tar  from  the  agitators  in  the  chemical 
treatment  of  distillates.     See  pages  460,  534  and  501. 
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''Sludge  acid"  is  sulphuric  acid  which  has  been  used  in  the  treatment 
of  a  petroleum  distillate. 

Slushing  OIL — Summer  black  oil  is  recommended  as  a  slushing  oil. 

"Smudge  OIL"— See  Orchard  Heating  Oil. 

S.  O.  Co.  Binder  "B." — ^This  "blown"  oil  originates  in  petroleum  from 
the  Mid-Continent  field;  it  contains  99.8  per  cent,  of  bitumen  soluble 
in  carbon  disulphide,  76.1  per  cent,  of  bitumen  soluble  in  SS^B^.  naphtha, 
51.7  per  cent,  of  pure  bitumen  as  saturated  hydrocarbons,  3.1  per  cent, 
of  paraffin  scale,  0.68  per  cent,  of  sulphur,  and  12.6  per  cent,  of  ash-free 
residual  coke. 

S.  O.  Co.  Binder  No.  3. — ^This  "blown"  oil  originates  in  petroleum 
from  the  Mid-Continent  field;  it  contains  98.8  per  cent,  of  bitumen  sol- 
uble in  carbon  disulphide,  74.9  per  cent,  of  bitumen  soluble  in  88**B^. 
naphtha,  44.3  per  cent,  of  pure  bitumen  as  saturated  hydrocarbons,  1 
per  cent,  of  paraffin  scale,  0.77  per  cent,  of  sulphur,  and  13.2  p>er  cent, 
of  ash-free  residual  coke. 

"Soft  Paraffin." — See  Petrolatum, 

"Soft  Petroleum  Ointment" — See  Petrolatum. 

Soft  Pitch. — Pitch  showing  a  penetration  of  more  than  10. 

Solar  Oil. — 1.  A  name  given  to  gas  oil  from  petroleum  of  the  Gulf 
or  Mid-Continent  field;  it  is  generally  exported  to  Great  Britain. 

2.  A  Russian  petroleum  product  possessing  a  specific  gravity  above 
0.850,  but  not  exceeding  0.880,  and  a  flash-point  not  below  80°C.  It  is 
usually  of  a  very  pale  yellowish  color.  Crude  Baku  oil  yields  4  p>er  cent, 
of  solar  oil.     See  Pyronaphtha. 

3.  Illuminating  oil  from  shale  oil,  marketed  in  two  grades:  prima^ 
possessing  a  specific  gravity  of  0.825  to  0.830  and  boiling  at  175°  to  180°C.; 
and  secundaf  which  has  a  density  of  0.830  to  0.835  and  boils  at  195°  to 
200°C. 

"Solene." — See  gasoline  and  petroleum  ether ^  with  both  of  which  the 
term  is  synonymous. 

Solid  Bitimiinous  Material. — Bituminous  material  showing  a  pene- 
tration at  normal  temperature  under  a  load  of  100  grams  applied  for  5 
sec.  of  not  more  than  10. 

See  Bituminous  Materials. 

"Solidified"  Gasoline. — Rosculetz  prepared  "solidified"  gasoline 
by  dissolving  stearic  acid  which  had  undergone  prolonged  treatment 
with  hydrochloric  acid  at  a  high  temperature,  in  the  gasoline  to  be  solidi- 
fied and  then  mixing  the  solution  with  an  alcoholic  solution  of  sodium 
hydroxide  at  about  175°F.  (/.  Ind,  Eng.  Chem.,  3,  528). 

"Solidified"  Kerosene. — On  the  conversion  of  kerosene  into  a  solid 
jelly  for  convenience  of  transport  and  its  reconversion  into  liquid  form, 
see  DiTMAR,  Zap.  Imp.  Russ.  Tekhn.  Ohsch.,  16  (1882),  otd.  1,  1. 

"Solidified"  Petroleum. — The  following  are  two  of  the  best  known 
methods  which  have  been  resorted  to  in  attempting  to    "solidify" 
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petroleum  for  use  in  grates:  {1}  absorption  of  the  oil  by  a  poroiis  mate- 
rial, preferably  itself  combustible,  as  dry  peat;  and  (2)  the  production 
of  a  jelly-like  emulsion  by  the  addition  of  soap  or  of  a  fatty  oil  and  alkali 
to  form  a  soap. 

"Solvent  Naphtha." — Both  coal-tar  naphtha  and  wood  naphtha  are 
markelcd  under  this  name. 

Specular  CoaL — See  Pilch  Coal. 

Spindle  Oil, — The  lighter  portion  of  the  petroleum  distillates  used 
tor  lubrication,  as  Russian  lubricating  oil  of  the  density  0.885  to  0.895, 
suitable  for  light-ruuning  machinery  such  as  that  used  in  cotton- 
spinning. 

According  to  American  practice,  spindle  oils  range  in  gravity  from  26° 
toSS'D^.,  in  flash  from  320°  to  450°F.  (Cleveland  open  cup),  in  viscosity 
from  400  to  40  sec.  Saybolt  at  TCF.,  in  cold  test  from  10°  to  40°F.,  and 
in  color  from  almost  colorless  to  dark  red. 

Spindle  oils  are  usually  decolorized  by  filtration  through  fullers'  earth 
or  bone-black;  they  differ  from  paraffin  oife  in  that  for  a  given  viscosity 
they  are  of  higher  Baum6  gravity.  For  illustration,  a  spindle  and  a 
paraffin  oil  of  the  same  gravity  may  have  the  following  tests: 

Spindle  oil  Puaffin  oU 

Bauni£  gravity  at  60°F 30°  30° 

Flash,  Cleveland  open  cup 420''F.  340°F. 

Fire  teat,  Cleveland  open  cup . ,  475°F.  390°F. 

Viscoflity,  Saybolt  at  70°F 300  sec.  60  sec. 

Spindle  oils  are  used  for  all  kinds  of  high-grade  lubrication,  except 
steam  cylinders:  as  high-grade  engine  oils;  and  for  spindles  in  textile 
mills,  whence  the  name,  on  account  of  the  fact  that  spindle  oil  does  not 
make  bad  stains  on  fabrics  whereas  paraffin  oils  do.  They  find  wide 
application  as  automobile  oils  (q.v.),  for  which  purpose  they  seem  to 
be  particularly  well  adapted.  Specially  purified  oils  of  this  class  are 
being  used  in  medicine  with  very  successful  results  in  treating  cases  of 
constipation  [see  PHrolatum  {Liquid)]. 

Ordinary  spindle  oil  is  usually  about  the  same  grade  as  the  non- viscous 
neutral  oil  described  under  concrete  form  oil,  and  stainless  spindle  oil  is 
identical  with  34°  and  34.5°  B6.  sewing  machine  oil. 

Light  spindle  oil  adapted  for  high-speed  submerged  cotton  mill 
spindles  should  stand  a  lO^F.  cold  test. 

Splint  CoaL — The  splint  coal,  or  hard  coal,  of  England  ignites  less 
readily  than  cherry  coal  (q.v.)  and  bums  less  rapidly. 

Squegee,  or  Squeegee. ^A  tool  with  a  rubber  or  leather  edge  for 
scraping  or  cleaning  hard  surfaces,  or  for  spreading  and  distributing 
liquid  material  over  and  into  the  superficial  interstices  of  roadways. 

Squegee  Coat — An  application  by  means  of  the  squegee. 

"St  QuiriQUB  OIL" — Petroleum  was  used  medicinally  in  Germany  as 
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early  as  1436  under  the  name ''  St.  Quirinus  Oil/'  the  supply  coming  from 
the  Tegemsee  district  of  Bavaria. 

''Stainless  Oils." — Spindle  or  loom  oils  mixed  with  usually  lard  or 
neatsfoot  oils.  One  well-known  ''stainless  oil''  is  compounded  of  40 
per  cent,  neutral  oil,  30  per  cent,  cottonseed  oil,  20  per  cent,  olive  oil, 
and  10  per  cent,  first-pressing  castor  oil. 

Standard  White  OIL — 1.  Standard  white  in  color.  The  name  is 
usually  applied  to  export  oU. 

2.  A  Russian  kerosene  which  has  a  specific  gravity  of  0.808  to  0.812 
and  is  standard  white  in  color. 

See  Prime  WhiU  OU. 

Stanekite. — Stanekite  is  separated  from  pyroretin  by  boiling  alcohol, 
which  leaves  it  behind;  it  is  insoluble  in  potassium  hydroxide  solution. 

''Stanolax." — ^A  proprietary  name  for  liquid  petrolatum,  q.v. 

Steam  Cylinder  OiL — See  Cylinder  Stocks. 

Steuart  Shale. — See  Mungle  Shale. 

Still  Coke. — ^The  residue  left  in  the  still  on  distilling  crude  shale  oil 
to  dryness.  In  the  case  of  the  best  crude  oil,  it  represents  about  3  to  4  per 
cent,  of  the  oil.  It  is  used  as  a  fuel,  as  carbon  for  electrical  purposes, 
and  for  making  moulders'  blacking.     Of.  Coke. 

Still  Grease. — The  amorphous  distillate  from  the  end  of  the  crude 
oil  and  heavy  oil  distillation  in  the  shale-oil  industry.  It  is  used  for 
grease-making. 

**Stink  Coal."— See  Dysodile, 

"Stinkstone." — See  Anthraconite. 

Stitching  Oil. — A  lubricant  employed  for  stitching  shoes;  it  is  usually 
supplied  in  three  grades:  '^water-white,"  for  stitching  white  or  light 
colored  shoes;  "fine  white,"  and  light  strawcolored. 

"Stove  Distillate." — 1.  A  stove  gasoline  before  receiving  a  finishing 
treatment. 

2.  A  product  from  California  petroleum;  it  possesses  a  gra\dty  of  30** 
to  34°B6. 

Stove  Gasoline. — Gasoline  {q.v.)  used  for  gasoline  stoves  and  making 
gas  for  illuminating  purposes. 

Straight-Rim  Pitch. — ^A  pitch  (g.r.)  run  in  the  initial  process  of  dis- 
tillation, to  the  consistency  desired,  with  subsequent  fluxing. 

"Straw  Oil." — A  product  possessing  a  gravity  of  32.1°B^.,  a  Say  bolt 
viscosity  of  101  at  100°F.,  a  flash-point  of  305°F.,  and  a  cold  test  of 
38°F.  It  has  an  initial  boiling-point  of  660°F.  and  a  final  boiling-point 
of  750°-800°F.     It  usually  contains  about  2.2  per  cent,  of  paraffin  wax. 

Suberane. — For  a  discussion  of  the  question,  does  suberane  exist  in 
petroleum,  see  Markovnikov,  /.  Russ.  Phys.-Chem,  Sac,  34  (1902), 
904   and   917. 

Succinellite. — Succinic  acid  (C4H6O4)  obtained  in  orthorhombic 
crystals  from  succinite^  of  which  it  constitutes  2.5  to  6  per  cent. 
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Succinite. — Succinite  or  amber  occurs  on  the  Prussian  coast  of  the 
Baltic,  in  England,  Denmark,  and  Russia;  it  is  found  in  irregular 
masses,  without  cleavage,  poaseases  a  specific  grarity  of  1.050  to  1.096, 
and  fuses  at  250°  to  300°C,  On  its  properties,  see  Helm,  SchrifUn 
Ges,  Datizig,  7  (1891),  192;  and  Dana's  "Descriptive  Mineralogy," 
6th  ed.,  1002. 

Summci  Black  Oil.— A  black  lubricating  oil  of  540°F.  fire  test,  used 
as  a  heavy  tempering  oil  and  for  waterproofing  cement.     See  Axle  Oil. 

"Summer  OiL" — A  heavy  railway  car  and  engine  oil  which  has  a 
flash-point  of  above  140°C.  and  solidifies  below  — 5°C. 

Sunned  OiL — The  trade-name  of  crude  petroleum  which  was  some- 
times increased  in  density  and  fitted  for  use  as  a  lubricant  by  exposing 
it  to  the  sun  as  a  thin  layer  on  the  surface  of  a  tank  of  warm  water,  the 
more  volatile  portions  being  thus  in  part  removed  by  evaporation.  See 
page  .527. 

Superficial  Coat. — A  light  surface  coat  in  pavement  construction. 

Surface  Coat — See  "Carpet." 

Surface  Treatment — Treating  the  finished  surface  of  a  roadway  with 
bituminous  material. 

Surfacing. — (1)  The  crust  or  pavement.  (2)  Constructing  a  crust 
or  pavement.  (3)  Finally  Gnishing  the  -surface  of  a  roadway.  (4) 
Treating  the  surface  of  a  finished  roadway  with  a  bituuinous  material. 

Tabbyite.— See  W-UTlnlile. 

"Tailings." — See  Residuum. 

Tar.— Bitiyuen  which  yields  pitch  upon  fractional  distillation  and 
which  is  produced  as  a  distillate  by  the  destructive  distillation  of  bitu- 
mens, pyrobitumena,  or  organic  material.     See  Pilch. 

Tar  is  also  defined  as  a  dark  colored,  bituminous  substance,  liquid  or 
eemi-liquid  at  room  temperature,  often  possessing  a  characteristjo 
"tarry"  odor,  usually  insoluble  in  water,  but  miscible  with  carbon  disul- 
phide,  benzol,  etc.,  and  which  on  distillation,  oxidation,  etc.,  forms  a 
pitch.     Its  composition  and  origin  are  variable. 

Natural  tars: 

1.  From  the  distillation  of  petroleum  (petroleum  tar  or  soft  petroleum 
asphalt), 

2.  From  the  destructive  distillation  of  organic  substances  and  pyro- 
bitumens  (pine  tar,  wood  tar,  bone  tar,  coal  tar,  mineral  tar  (maltha), 
petroleum  tar,  etc.). 

"Tar  Distillate." — The  paraffin  distillate,  or  distillate  contabing  the 
paraffin  wax.     See  page  462. 

Tasmsnite, — A  reddish  brown,  resinous  mineral,  disseminated  in 
scales  through  a  laminated  shale  ("combustible  shale")  from  the  river 
Mersey,  on  the  north  side  of  Tasmania;  it  has  the  specific  gravity  1.18 
and  yields  oil  on  distillation. 

On  this  mineral,  see  Church, /"Ail.  Mag.,  (4),  28  (1864),  465;  Nbwtoh, 
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Ged,  Mag,f  2  (1875),  336;  and  Stephens,  Proc,  Roy.  Sac,  Tasmania, 
March,  1876,  5. 

Tempering  OiL — ^A  viscous  neutral  oil,  red  in  color,  which,  when 
straight  reduced,  has  a  gravity  of  30°B^.,  a  flash-point  of  415°F.,  a  fire 
test  of  480'*F.,  a  cold  test  of  20**F.,  and  a  Saybolt  viscosity  of  220;  and, 
when  stock-loaded,  a  gravity  of  30.5**B6.,  a  flash-point  of  395®F.,  a  fire 
test  of  450''F.,  a  cold  test  of  SO^'F.,  and  a  Saybolt  viscosity  of  240. 

A  steam-refined  cylinder  stock  equivalent  to  26°B4.  Hammer  oil  is 
used  as  a  heavy  tempering  oil,  and  summer  black  oil  has  been  recom- 
mended for  the  same  purpose. 

**Terralbolia," — ^A  proprietary  name  for  liquid  petrolatum,  q.v, 

**Terraline." — ^A  proprietary  name  for  liquid  petrolatum,  q.v, 

**Testefas." — ^A  Russian  illuminating  oil  which  possesses  a  specific 
gravity  of  0.820  to  0.823  and  a  flash-pomt  of  not  below  38**C. 

Tetracosane. — Tetracosane  (Ci^Hfco)  has  been  separated  from  Penn- 
sylvania petroleum  by  Mabery  {Proc.  Am.  Acad.,  37  (1902),  565). 
Mabery  (ibid.y  40  (1904),  349)  also  separated  tetracosane  from  the 
solid  hydrocarbons  that  collect  in  certain  oil  wells  in  Pennsylvania  and 
from  commercial  paraffin. 

Tetradecane. — Tetradecane  (CuHjo)  has  been  isolated  from  Pennsyl- 
vania petroleum  (Mabery,  Proc.  Am.  Acad.,  37  (1902),  565). 

Tetratricontane. — This  hydrocajbon  (C84He6)  has  been  separated  by 
Mabery  {Proc.  Am.  Acad.,  40  (1904),  349)  from  the  solid  hydrocarbons 
that  collect  in  certain  oil  wells  in  Pennsylvania. 

Thallene. — See  account  given  under  petrocene. 

"Thickened  Oils." — Mineral  oils  thickened  by  dissolving  in  them 
small  amounts  of  un vulcanized  rubber  or  of  aluminum  soap;  they  are 
intended  for  certain  lubricating  purposes. 

Thiophene. — Thiophene  (C4H4S)  was  found  by  Kharitchkov  {J. 
RiLss.  Phys.'Chem.  Soc,  31,  655)  in  Grozni  petroleum  to  the  extent  of 
1  part  in  one  million;  the  same  investigator  reported  its  presence  in 
benzol  to  the  extent  of  1  part  per  ten  million. 

Thread  Cutting  Oil. — See  engine  oily  with  which  this  viscous  neutral 
oil  is  identical. 

Pipe  thread  cutting  oil  is  sometimes  compounded  of  60  to  80  per  cent, 
of  engine  oil  and  40  to  20  per  cent,  of  lard  oil,  while  engine  oil  alone  is 
used  for  cutting  screws,  bolts  and  nuts. 

300°  Burning  Oil.— An  oil  of  300°F.  fire  test  and  265°F.  flash-point, 
possessing  a  density  of  0.825-0.830.  Under  the  name  of  "mineral 
sperm  oil,''  "mineral  colza  oil,"  or  "mineral  seal  oil,"  it  is  used  in 
CELses  wherein  the  employment  of  a  more  readily  ignitable  oil  might  be 
objectionable.  About  10  p)er  cent,  of  such  an  oil  may  be  obtained  from 
Pennsylvania  petroleum. 

TiflFanyite. — A  name  proposed  by  Kunz  {Traris.  N.  Y.  Acad.  Sci., 
14  (1895),  260)  for  a  hydrocarbon  assumed  to  be  present  in  certcdndia- 


monda,  namely,  those  which,  on  thU  account,  exhibit  fluorcBcence  and 
phosphorescence. 

Toluene. — Toluene  (CjHb)  has  been  found  to  be  invariably  present 
in  petroleum.    See  pages  6  and  570. 

"Tops." — The  "No.  1  Tops"  from  California  petroleum  includes 
gasoline  stock;  the  usual  color  is  water-white  and  the  gravity  is  about 
SS-Be. 

Torbanehill  Mineral. — Torbanehill  mineral  was  evidently  the  most 
important  of  the  first  bitumiuous  minerals  obtained  from  the  Scotch 
fields.     Its  characters  were  as  follows: 

The  Torbanehill  mineral  was  of  a  brown  or  nearly  black  color;  there 
were  brown  and  black  varieties,  and  the  brown  was  the  richer.  It  had 
a  yellow  or  fawn-colored  streak,  without  luster,  and  Bub-oonchoJdal 
fracture,  was  amorphous,  and  apparently  homogeneous  when  fresh,  but 
showed  distinct  stratification  when  spent  in  the  retort.  It  was  very 
indestructible  and  did  not  deteriorate  with  weathermg.  Near  basalt 
dikes  it  became  soft,  sticky  and  brown,  resembling  melted  India  rubber. 
In  the  laboratory,  it  took  fire  readily  when  put  to  a  fJame,  split,  did  not 
fuse,  burned  with  a  verj-  smoky  flame,  gave  an  empyreumatic  odor,  and 
left  a  considerable  amount  of  white  ash. 

The  crude  oU  taken  from  it  was  96  to  130  gal,  per  ton,  specific  gravity 
about  0.890.  It  was  richer  in  the  east  part  of  the  field  than  the  west, 
and  it  deteriorated  somewhat  in  depth.  It  yielded  44  to  48  per  cent, 
of  crude  oil,  and  I  to  I  Js  per  cent,  of  solid  paralBn.  Heated  in  a  closed 
crucible,  it  gave  60  to  70  per  cent,  of  volatile  hydrocarbons;  6.6  to  13.3 
per  cent,  of  fixed  carbon,  and  12,8  to  23.2  per  cent,  of  ash.  The  specific 
gravity  varied  from  1.17  to  1,316, 

Torbanite. — See  Torbanehill  Mineral.  On  the  production  of  mineral 
oil  from  the  torbanite  of  New  South  Wales,  see  Petkie  J.  Soc.  Chem. 
Ind.,  24  (1905),  996, 

Torch  Oil. — The  product  described  under  paint  oil  is  also  used  as  a 
torch  oil. 

Transformer  Oil. — The  main  requirements  for  oDs  for  high-tension 
electrical  transformers  are  freedom  from  water  and  mineral  acids; 
further,  they  should  show  little  or  no  volatility  at  100°C,  Those 
machine  oils  derived  from  petroleum  which  have  a  flash-point  of  over 
IBO'C.  (open  test),  with  a  volatiUty  of  less  than  0.1  per  cent,  in  5  hr,  at 
lOO'C,  provided  they  satisfy  the  electrical  requirementB,  are  suitable 
for  use  in  transformers. 

An  extra  pale  lemon,  non-viscous  neutral  oil  which  ia  largely  used  for 
transformem  possesses  a  gravity  of  34''B6.,  a  flash-point  of  340°F.,  a 
fire  test  of  400^.,  a  cold  test  of  20°F.,  and  a  Saybolt  viscosity  of  80, 

On  transformer  oils,  see  Breth,  Petroleum,  7  (1911),  290;  and  Duck- 
ham,  Electrician,  67  {1911),  212. 

iSBton    Oil.— A   steam-refioed    cylinder   stock    possessing    a 
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gravity  of  25''B6.,  a  flash-point  of  610^F.,  a  fire  test  of  710''F.,  a  cold 
test  of  30**F.,  and  a  Saybolt  viscosity  of  245. 

Tricosane. — Tricosane  (CnH^s)  has  been  separated  frooi  Pennsyl- 
vania petroleum  by.  Mabert  {Proc,  Am.  Acad,,  37  (1902),  565).  The 
same  investigator  {ibid.,  40  (1904),  355)  also  separated  tricosane  from 
commercial  paraffin. 

Tiidecane. — ^Tridecane  (CisHss)  has  been  isolated  from  Pennsylvania 
petroleum  (Mabbrt,  Proc.  Am.  Acad.,  37  (1902),  565). 

Trinidad  Asphalt — ^Asphalt  from  the  Pitch  Lake  or  from  deposits 
lying  between  the  lake  and  the  seacoast,  on  the  island  of  Trinidad.  See 
Lake  Pitch  and  Land  Pitch. 

Trinidad  asphalt  contains  68.12  per  cent,  of  bitumen  and  31.88  per 
cent,  of  fixed  carbon,  etc.  Its  chemical  compositfon  has  been  given  as 
follows: 

Carbon .v 80. 32  per  cent. 

Hydrogen 6 .  30  per  cent. 

Nitrogen 0. 50  per  cent. 

Oxygen 1 .40  per  cent. 

Sulphur t 11 .  48  per  cent. 

100.00  per  cent. 

Trinidad  Lake  asphalt  contains  56.5  per  cent,  of  bitumen  soluble  in 
carbon  disulphide,  63.1  per  cent,  of  bitumen  soluble  in  88°B6.  naphtha, 
24.4  per  cent,  of  pure  bitumen  as  saturated  hydrocarbons,  6.2  per  cent, 
of  sulphur,  and  10.8  per  cent,  of  ash-free  residual  coke. 

See  Asphalt  and  Biiuminoiis  Materials, 

Trinidad  Pitch. — The  deposit  of  solid  or  semi-solid  bitumen  constitut- 
ing the  Pitch  Lake  of  Trinidad. 

Trinkerite. — A  red  to  brown  mineral  which  resembles  tasmantte  in 
composition,  found  in  brown  coal  in  Istria  and  Styria;  it  has  a  specific 
gravity  of  1.025,  fuses  at  168°  to  180°C.,  and  is  soluble  in  hot  benzol 
(TscHERMAK,  /.  prakt.  Chem.j  2  (1870),  258). 

Turbine  Oil. — A  mineral  oil  adapted  for  the  lubrication  of  the  heaviest 
types  of  horizontal  turbines  should  possess  a  high  flash  test  and  low 
viscosity  and  should  retain  its  body  and  efficiency  under  warm  tempera- 
tures. It  should  be  filtered  to  a  bright  yellow  color  and  should  not 
absorb  moisture. 

An  oil  having  a  gravity  of  30°B6.,  150  sec.  viscosity  at  70°F.,  Saybolt, 
and  420°F.  flash  is  said  to  have  given  good  results  in  steam  turbines. 

On  turbine  oil,  see  Job,  Proc.  Am,  Soc.  Test.  Mat.,  9  (1909),  614;  and 
ScHWAHZ  and  Marcussox,  Mitt.  k.  Mater ialprilf.y  32  (1914),  496. 

"Tur-Min-Tine." — A  petroleum  substitute  for  turpentine. 

Turpentine  Substitutes. — These  products  are  usually  intermediate  be- 
tween gasoline  and  illuminating  oil  (49°  naphtha).  They  vary  in 
gravity  from  40°  to  58°B6.,  and  are  said  to  be  more  homogeneous  than 
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burning  oils.    As  they  are  designed  for  paint  thinners  and  for  ad- 
mixture with  turpentine,  they  should  evaporate  without  leaving  residues  ■ 
or  stains.    A  representative  sample  found  in  the  market  gave  the  follow- 
ing tests: 

Bftum6  gravity  at  60°F ., 48.2 

Refractive  index  at  60°F 1 .  4595 

One  drop  evaporated  from  white  paper No  stais. 

15  drops  in  a  natch  glass  evaporated  in 2  hr.,  23  min. 

15  drops  of  turpentine  in  watch  glass  evaporated 

b 2  hr.,  15  min. 

Initial  boiling  point 282°F. 

Final  boiling  point 426''F. 

A  turpentine  substitute  termed  "Tur-Min-Tine "  has  a  gravity  of 
SS'B^.  and  a  flash-point  of  106°F.;  05  per  cent,  is  said  to  distil  between 
147"  and  220''C.    See  "  White  Spirit." 

A  Rotterdam,  Netherlands,  refinery  has  put  on  the  market  a  sub- 
stitute for  turpentine  that  consists  of  certain  aromatic  hydrocarbons 
occurring  In  unusual  abundance  in  the  crude  petroleum  of  Borneo 
and  easily  separated  by  fractionation. 

Turrelite. — A  Texas  asphalt-rock,  a  shelly  mass  cemented  together 
by  bitumen.  On  its  composition,  see  Peckha«,  /,  Soc.  Chem.  Ind., 
16  (1897),  996. 

mntaite. — See  GiUoniU. 

Unfiltered  Stocks.— The  dark  green  unBltered  stocks  from  Penn- 
sylvania petroleum  have  the  following  properties: 


Gmvily 

FLte  tMl 

Siiybolt  *i.c«it]r 

K'Bi. 

640°F, 

ewF, 

140 

UW 

585' 

650' 

200 

25* 

600' 

660' 

230 

24' 

630' 

700" 

270 

See  C'jlinder  Stocks. 

Unguentimi  Paraffinuni. — See  PelroUUum. 

Unguentum  Petrolei. — See  Coimoline. 

Urpethite. — A  yellowish  brown  to  brown  mineral  having  the  con- 
sistence of  soft  tallow  and  a  specific  gravity  of  0.885;  it  melts  at  39*0, 
and  is  readily  soluble  in  cold  ether.  Urpethite  constitutes  about  four- 
fiftha  of  Urpeth  Colliery  ozokerite  (Johnston,  PkU.  Mag.,  (2),  IS 
(1838),  389). 

"TJBoline."— A  proprietary  name  for  liquid  petrolatum,  q.v. 

Valve  Oil.— See  Cylinder  Slocks. 

*'Valvolme," — See  Viscosine. 
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Vamish  Makers'  Naphtha.— Both  deodorized  naphtha  (58'  to  60'B6,) 
and  turpcnline  substitute  of  S2°B6.  gravity  are  used  by  vamish 
raanufaeturera. 

"Vaselene"  or  "VaseUne." — See  petrolalvm,  of  which  vaseline,  or 
petroleum  jelly,  ia  a  proprietary  brand;  but  see  especially  page  631. 

Vaseline  OiL — (1)  A  paraffin  oil  obtained  from  shale  oil,  used  in 
Germany  as  a  solvent  for  ceresin. 

(2)  Vaseline  is  obtainable  not  only  from  American  oils  (see  page  632), 
but  also  from  the  oils  of  Galicia,  Elsass  (Ckem.-Zenir.,  1882,  319), 
and  Russia  (Mendeleeff,  Fortschr.  Jakrwh.  Chem.,  1883,  1458;  and 
BiEL,  iind.,  1882,  1466).  The  Galician  product  has  been  exhaustively 
examined  by  Engler  and  Bi5HU  {Dingler'g  potyt.  J.,  263  (1S86),  468 
and  524),  who  operated  upon  two  particularly  suitable  crude  oils  sent 
them  from  Ropa.     See  page  63G. 

"VasBlon." — ^A  mixture  of  margaron  and  stearon  dissolved  in  mineral 
oil;  it  resembles  petrolatum  (q.v.)  and  is  used  as  an  ointment  base. 

"Vasogen,"^"  Oxygenated  vaaelino."  A  vehicle  for  applying  iodine, 
ichthyol,  salicylic  acid,  etc.,  in  the  treatment  of  skin  diseasea. 

Vegetable  Oil  Adulterant.— See  Paint  OH. 

"Viridine."^-See  account  under  the  caption  pclrocene. 

"Viscosine." — ^A  Russian  lubricating  oil  which  possesses  a  specific 
gravity  of  0,925  to  0.935,  a  flash-point  of  290°  to  310°C.,  and  an  Engler 
viscoaity  of  5  min.  at  100°C. 

Viscous  Neutral  Oils. — See  Ne^Ural  Oil. 

Volatile. — ^Applied  to  those  fractions  of  bituminous  materials  which 
will  evaporate  at  climatic  temperatures. 

Vulcan  Oil.^A  product  from  petroleum  having  a  specific  gravity  of 
0,910  to  0,960  at  15X. 

On  the  tar-content  of  this  oil,  see  Lowv,  Chem.  Rev.  Felt-  Harz-Ind., 
17  (1910),  6;  and  on  American  vulcan  oil,  see  Ott,  Dingler's  polyt.  J., 
187  (1S68),  171. 

Walchowite. — A  yellow,  resinous  oxygenated  hydrocarbon  which 
occurs  in  brown  coal  at  Walchow,  in  Moravia;  it  has  a  specific  gravity 
of  1.0  to  1.069,  fuses  to  a  yellow  oil  at  250°C.,  and  forma  a  dark  brown 
solution  in  sulphuric  acid  (Meuon,  Lotos,  6  (1865),  122). 

Waste  Acid  and  Alkali.— See  pages  584  to  593. 

Watch  OU.^The  oil  obtained  from  the  dolphin,  blackfiah  or  "snuffer" 
is  used  for  lubricating  the  delicate  machinery  in  watches  and  clocks. 

Water-Bound. — ^Bonded  with  the  aid  of  water.     See  Bond. 

Water-Gas  Tars.^Tars  (,q.v.)  produced  by  cracking  oil  vapors  in  the 
manufacture  of  carbureted  water-gas, 

Water-Soluble  Oils. — These  have  the  property  of  forming  permanent 
emulsions  or  almost  clear  solutions  with  water.  They  are  prepared 
by  dissolving  ammonia-,  potash-,  or  soda-soaps  of  oleic,  sulpho-fatty, 
rosin,  or  naphthenlc  acids  in  mineral  oils;  but  sometimes  ammoaiacal 
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liquor,  naphtha  or  alcohol  ia  added,  and  in  certain  cases  the  rosin  oils 
are  first  air-blown.  The  resulting  water-soluble  products,  which  may 
be  regarded  as  colloidal  solutions  of  mineral  oil  in  an  acid  soap  solution, 
are  employed  as  lubricants  in  boring,  lathe-cutting,  milling,  and  polish- 
ing operations,  and  for  dressing  wool-fiber  in  spinning  and  weaving  and 
for  laying  dust. 

See  WeslTumite. 

Water-White  OiL — A  high-grade  illuminating  oil,  water-white  in 
color,  usually  obtainable  in  three  grades,  viz.: 

Of  urily  Firo  l»t 

45Ti<;.  170°F. 

47°  150° 

48°  120° 

Sec  IlbimiruUing  Oils  and  Kerosene. 

"Water-White  Mineral  Oil." — A  name  tor  liquid  petrtilatum,  q.v. 

Wax. — A  term  applied  to  unctuous,  fusible,  and  more  or  less  viscous 
to  solid  sul>stances,  having  a  characteristic  "waxy"  luster,  and  which 
are  insoluble  in  water,  but  more  or  less  soluble  in  carbon  diaulphide,  ben- 
zol, etc.  They  are  extremely  susceptible  to  changes  in  temperature. 
Their  composition,  origin  and  color  are  variable. 

(a)  Natural— 

1.  Mineral    {e.g.,    ozokerite,    ccresin,  montan  wax,  hatchettite, 
etc.). 

2.  Vegetable  {e.g.,  .Tapan  wax,  camauba  wax,  etc.). 

3.  Animal  {e.g.,  beeswax,  spermaceti,  etc,). 
(6)  Artificial— 

1.  From  the  distillation  of  paraffin-buse  petroleum,  ozokerite, 
etc. 

2.  From  the  destructive  distillation  of  lignite  (brown  cool),  par- 
aflinaceous  shales,  etc. 

See  Paraffin  Wax. 

Wax  CoaL— See  Earthy  Brovm  Coal. 

"Wax  Diataiate." — Neutral  oil  distillate  before  the  separation  of 
paraffin  wax.     See  Neutr/U  OH. 

Wax  Tailings. — This  product  of  decomposition  contains  chryaene, 
picene  and  other  compounds  formed  by  destructive  distillation.  It  ia  of 
dark  green  color  but  darkens  on  exposure  to  light.  It  ia  osphaltic  in 
nature  and  varies  in  melting  point  according  to  the  care  with  which  it  is 
separated  and  later  refined.  It  ia  used  for  weather-  and  waterproofing 
compounds,  in  some  coees  as  a  flux  in  strcetrpaving  mixtures,  and  as  a 
filler  in  very  cheap  axle  greases.     See  page  461. 

Westnunite. — In  1903,  Westrum  patented  the  use  of  a  "soluble  oil," 
such  as  that  of  Doleg,  in  admixture  with  a  large  quantity  of  water,  for 
the  sprinkling  of  roads   with  the  object  of  "laying"  dust.     Many 
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stretches  of  road  have  been  treated  with  '^westrumite/'  as  the  product 
is  termed,  especially  in  connection  with  motor-car  races,  and  the  "lay- 
ing'' of  the  dust  has  been  found  to  be  thus  effected  with  greater  per- 
manence than  by  the  employment  of  water,  the  presence  of  the  oil 
apparently  arresting  evaporation. 

^'Wef '  Natural  Gas. — (1)  Natural  gas  from  which  gasoline  can  be 
extracted  in  quantity  sufficient  to  warrant  the  installation  of  a  plant. 

(2)  Natural  gas  which  contains  readily  condensible  gasoline.  Cf. 
"Dry"  Natural  Gas. 

Wheeleiite. — A  yeUowish  resin,  found  in  the  Cretaceous  beds  of 
northern  New  Mexico,  filling  the  fissures  of  the  lignite,  or  ^terstratified 
in  thin  layers  in  it;  it  is  soluble  in  ether.  Described  by  Loew  in  Am,  J, 
Sci.,  (3),  7  (1874),  571. 

"White  Liquid  Vaseline.'' — ^A  name  for  liquid  petrolatum,  q.v, 

"White  Naphthene  OIL" — ^A  name  proposed  for  pharmaceutic  oil, 
or  liquid  petrolatum. 

**White  OiL" — ^An  odorless  and  colorless  oil  possessing  a  specific 
gravity  of  0.857.  It  is  used  medicinally  and  as  a  base  for  creams,  salves 
and  ointments.    See  Oil  of  Paraffin  Si,nd 'Petrolatum  {Liquid). 

"White  ParaflSn  OiL" — A  name  for  liquid  petrolatum,  q.v. 

"Whiteniss." — ^A  name  for  liquid  petrolatum,  q.v. 

**White  Spirit" — The  turpentine  substitutes  used  in  the  manufacture 
of  varnishes,  sold  in  England  as  "white  spirit,"  have  generally  a  flash- 
point above  23°C.,  mostly  at  26.7®C.,  yield  90  per  cent,  of  distillate  up 
to  140°C.,  have  a  specific  gravity  of  about  0.785,  and  are  characterized 
by  a  mild  odor. 

See  Turpentine  Substitutes, 

"White  Vaseline." — A  proprietary  brand  of  Petrolatum  (White). 

"Winter  OU." — A  heavy  railway  car  and  engine  oil  which  has  a  solidi- 
fying point  of  below  —  20°F. 

See  Car  Oil, 

Wollongongite. — ^A  name  given  provisionally  to  a  supposed  hydro- 
carbon from  Wollongong,  New  South  Wales.  It  has  been  shown  to  be 
simply  kerosene  shale  (q.v,).    See  Silliman,  Am.  J,  Sci.,  (2),  48,  85. 

Wool  Stocks. — Three  wool  stocks  are  made  from  Pennsvlvania 
petroleum: 


Gravity 

Flash-point 

Fire  teat 

Saybolt  viscoeity 

31.5°B6. 
32 . 4° 
32 . 5° 

400^F. 

390° 

375'' 

450°F. 
440** 

425° 

155 
140 
140 

Sun-bleached  neutral  oil  may  be  compounded  with  lard  oil  to  make 
a  rich,  creamy  emulsion  adapted  £is  a  wool  oil. 
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Worm  Gear  OiL — ^The  product  described  under  iransmtBrnxin  oil  is 
said  to  be  satisfactory  for  worm  gears. 

Wurtzilite. — ^A  Utah  asphaltic  mineral  which  is  jet-black  by  reflected 
light  and  deep  red  in  thin  plates;  it  softens  in  hot  water,  toughens,  and 
becomes  more  elastic;  in  a  candle  flame  it  softens  and  bums  with  a 
bright  flame;  it  is  practically  insoluble  in  gasoline  of  76^B6.,  partly  solu- 
ble in  ether,  carbon  disulphide  and  turpentine,  and  less  so  in  carbon 
tetrachloride.  See  Blake,  Eng.  Min.  J.,  48,  (1889),  542;  49,  106;  and 
Taylor,  Salt  Lake  Min.  Rev.,  18,  No.  19,  43. 

Xylenes  in  Petroleum. — ^Xylene  (CgHio)  was  found  in  Rangoon  oil  by 
De  la  Rue  and  Muller,  and  in  Pennsylvania  oil  by  Schorlemmer; 
isoxylene  in  Galician  oil  by  Pawlewski  and  Lachowicz,  in  Caucasian 
oil  by  Kramer,  and  in  that  of  Baku  especially  by  Markovnikov. 
Paraxylene  (boiling  point,  137^0.)  has  been  isolated  from  Galician  oil 
by  Pawlewski  {Ber.,  18  (1885),  1915). 

Xyloretinite. — A  white  resin  fusing  at  165®C.,  derived  by  Forch- 
HAMMER  (/.  prakt.  Chem.j  20  (1840),  459)  through  the  action  of  alcohol 
on  fossil  pine-wood  from  the  marshes  of  Holtegaard  in  Denmark.  See 
Hariine. 

"Yellow  Ozokerine.'' — ^A  product  resembling  vaseline,  but  less  homo- 
geneous, produced  from  crude  ozokerite;  it  is  used  in  ointments  and 
pomades. 

Yellow  Wax. — ^A  viscous,  semi-solid,  diflScultly  volatile  substance  ob- 
tained on  distillation  of  still  residuum.  It  contains  anthracene  (C14H10) 
and  other  hydrocarbons  of  complex  structure. 

See  Residuum. 

^etrisikite. — A  mineral  resembling  ozokerite  in  most  physical  diar- 
acters  and  in  composition,  but  almost  completely  insoluble  in  ether  and 
melting  at  90"  C;  it  occurs  in  Moldavia  (Magnus,  Ann.  chim.  phys.^  (2), 
55,  217;  Malaguti,  idem,  (2),  83,  390;  Compt,  rend.,  4  (1837),  410). 
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